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LATED AGENCIES APPROPRIATIONS FOR
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WEDNESDAY, FEBRUARY 3, 2010.

SCIENCE, TECHNOLOGY, ENGINEERING AND MATH
EDUCATION

WITNESSES

DR. OLIVER HILL, VIRGINIA STATE UNIVERSITY
DR. ELEANOR MIELE, BROOKLYN COLLEGE

Mr. MOLLOHAN. Good morning. The hearing will come to order.

Welcome to the first hearing of the Subcommittee on Commerce,
Justice, and Science for fiscal year 2011.

Before we begin our initial hearing, a bit of housekeeping. I
would like to reiterate for the benefit of members of the Sub-
committee that it is my intention to recognize in order of seniority
those members present at the start of each hearing followed by
members in order of their attendance. This continues the policy we
had in place last year.

Turning now to today’s business, in testimony before this Sub-
committee last year, it was stated that U.S. graduate education in
science, technology, engineering, and mathematics, STEM, is the
model for the world and undergraduate STEM education is among
the best in the world. However, testimony also revealed that K
through 12 STEM education in the United States is woefully lack-
ing in preparing our students to compete and innovate in the
changing world economy.

We learned last year that it is essential for students before the
age of ten to see themselves as becoming scientists and engineers
or they will not choose these fields for study when they are older.

Advances in STEM hold the key to the future economic growth
of the United States and the essential resource on which this pro-
gram will be built is today’s children.

In fiscal year 2010, this Subcommittee added appropriations for
K through 12 STEM education and STEM teacher preparation to
the budgets of NSF, NOAA, and NASA with the expectation that
these funds will be used in part to improve STEM education in
grades K-6 and that they will contribute to efforts to embed in-
quiry-based instruction in science education. The fiscal year 2011
budget request continues many of these investments.

Our hearing is particularly timely given Tuesday’s New York
Times op-ed by Susan Engel of Williams College entitled Playing
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to Learn. In it, she describes an ideal elementary education as fol-
lows, and I quote:

“In our theoretical classroom, children would also spend a short
period of time each day practicing computation, adding, sub-
tracting, multiplying, and dividing. Once children are proficient in
those basics, they would be free to turn to other activities that are
equally essential for math and science, devising original experi-
ments, observing the natural world and counting things, whether
they be words, events, or people. These are all activities children
naturally love if given the chance to do them in a genuine way.”

Achieving this ideal is a key goal of our appropriations for STEM
education. Today and tomorrow we will hear from witnesses who
have examples of improvements in STEM education that are ongo-
ing. Through their testimony, we will see the effects of federal in-
vestments and learn more about the challenges of improving STEM
education and adopting inquiry-based learning.

Today we will hear from Dr. Oliver Hill, Virginia State Univer-
sity, and Dr. Eleanor Miele of Brooklyn College. Dr. Hill has helped
improve math achievement for students in the public schools of Pe-
tersburg, Virginia. His testimony will shed light on another point
in Dr. Engel’s op-ed. She states, and I quote, “In order to design
a curriculum that teaches what truly matters, educators should re-
member a basic precept of modern developmental science. Develop-
ment precursors don’t always resemble the skill to which they are
leading,” end of quote.

Dr. Miele has just written a textbook on inquiry and has worked
with K through 12 teachers to include inquiry in their science
teaching and to make effective use of their surroundings in New
York City.

Thank you both for coming.

Following the opening statement of Ranking Member Wolf, we
will ask each of you to provide a summary of your written testi-
mony which we will include in the hearing record and then we will
go to questions from Subcommittee members.

Mr. Wolf.

Mr. WoLF. Thank you, Mr. Chairman.

I am pleased to join the Chairman in welcoming our expert wit-
nesses today on science, technology, engineering, and math edu-
cation starting our hearing schedule for the fiscal year 2011 appro-
priations cycle.

I look forward to working again with you, Mr. Chairman, and the
rest of the members of the Committee because we have such a
wide-ranging jurisdiction.

This is an important hearing. I know that looking at the STEM
money for higher education grants last year that almost 50 percent
of the STEM money that was appropriated laid on the table and
no one accessed it. And so the money, that figure could be 50, could
be 40, again, but a lot of money was appropriated and was not
used.

The Committee had a language in their working with Mr. Mol-
lohan that we asked the National Science Foundation to look at
what programs are working around the country in math and
science and physics and chemistry and biology with young people
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and put together a best practices that can go into every school or
school district in the country.

But I think even if you fund the money, if you do not have the
interest and do not have people pursuing it, you know, and so
when you look at what has taken place.

So I think that is one of the problems. How do you create the
interest? We are graduating fewer physicists, Ph.D. physicists
today than we did in 1956. And the world has changed and physics
is awful important.

And T think it is a big issue and so I appreciate you are here for
your testimony.

b Al_‘?d I thank you, Chairman, for having this hearing and I yield
ack.

Mr. MoLLOHAN. Thank you, Mr. Wolf.

Dr. Hill.

MATHEMATICS EDUCATION

Dr. HiLL. Thank you, Mr. Chairman.

And T would like to thank the Committee for this opportunity to
speak to you today. I do think this is an important topic.

I am the principal investigator on two grants from the National
Science Foundation to Virginia State University that are studying
innovative approaches to improve the mathematic performance pri-
marily of minority students in the local Petersburg school district.
We know that a mathematics background and competence are the
primary gatekeepers to a STEM career.

When we started working with the Petersburg district in 2007,
it was the lowest performing school district in the State. None of
its schools were accredited. And by 2009, all but two of the schools
were fully accredited and those two missed it by just a few points.
We expect all to be accredited this year.

On standardized mathematics performance, the two schools we
worked directly with had 127 percent and 74 percent increases in
scores respectively.

Our project was not the only thing at work here. For one thing,
they hired a new dynamic superintendent, which had a big impact
on the district. But our research indicated the dynamic effect our
interventions were having on the students.

The project involved training teachers in the innovative pedagogy
the Algebra Project and organizing the community around support
for the schools.

The Algebra Project curriculum was developed by Dr. Robert
Moses, who was a recipient of MacArthur Genius Award. The peda-
gogy helps students connect abstract mathematical principles to
their every-day language and experience.

The Algebra Project approach also relies heavily on community
involvement. With their help, we are in the process of developing
what we are calling a K through 16 model with Petersburg and the
University with the idea that we need to make contact with stu-
dents early and often starting at the kindergarten level and groom-
ing them toward a STEM career.

This relationship involves programs like dual enrollment courses,
providing math and science grad students as teachers, providing
college students tutors, and providing services to students through
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involvements of departments like psychology, sociology, and nurs-
ing because many of the problems that these kids face are not aca-
demic issues.

COGNITIVE TRAINING

One of the most innovative aspects of our project is testing the
impact of cognitive training on the mathematics performance of
students. Students coming from low socioeconomic status back-
grounds and even many with middle-class backgrounds often lack
the capacity for abstract thinking required for success in higher
level mathematics and science courses. This is a major barrier to
pursuing STEM related careers.

These deficiencies are usually addressed through content-based
remediation and tutoring programs, but there have been numerous
studies documenting the failure of these types of content-based
interventions to have meaningful impacts on basic skill develop-
ment or educational achievement, particularly among minority stu-
dents.

The approach of direct cognitive training represents a unique
method of developing the underlying thinking skills needed for suc-
cess in STEM. This approach is not the usual teaching of critical
thinking skills which represent fairly high level cognitive proc-
essing, but rather builds the basic architecture of cognition by
training basic cognitive skills such as processing, speed, attention,
and working memory.

At one time, it was thought that these kinds of skills were set
by the time that one reached adolescence, but we now know that
these skills are malleable even into adulthood.

We have been using the procedures developed by an educational
firm called Learning RX which runs cognitive learning centers
around the country. The data collected in these centers over the
last few years has indicated tremendous gains of three to four
grade levels in reading and other cognitive skills after only 15
weeks of a fairly intense one-on-one intervention.

We are testing whether meaningful results can be obtained using
an on-line version of this program that can be administered in
groups, which would be much more practical in a school setting.
Our initial data looks very promising.

This approach has the potential to revolutionize education in
general and STEM education in particular. We think it addresses
one of the primary development problems that block success in
mathematics and science classes, that is weak cognitive skills.

THE ROLE OF HBCUS

I teach at Virginia State University which is a historically black
university and I want to speak for a moment about the role that
HBCUs can play in addressing the under-representation of minori-
ties in STEM careers.

HBCUs have the students who could fill those majors. VSU loses
literally hundreds of potential STEM majors each year because of
difficulties with math. We need to focus more research dollars to
investigators at HBCUs to develop promising interventions to at-
tract and hold minority students in STEM majors.
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Initiatives targeted to HBCUs at funding agencies like NSF and
NIH need to receive greater support. And if I could build on what
Mr. Wolf was saying, one of the difficulties at largely teaching uni-
versities like HBCUs is kind of a catch 22. You have to have the
publication record. You have to have the time to put on research
in order to attract the federal dollars. We need to have more inno-
vative programs that allow particularly young investigators at the
HBCUs to have the time to devote to both developing a research
program and being able to write competitive grants that would be
funded by agencies like NSF and NIH. But the human capital is
there both in terms of the investigators and in terms of the stu-
dents that could be impacted.

EDUCATION CRISIS

Finally, I would like to say the crisis in STEM education is but
one facet of the larger crisis in education that we face as a nation.
We know what quality education looks like. We can look at the cur-
riculum of the best schools in any city.

And in Richmond, we have a school, Maggie Walker Governor’s
School, which is one of the best in the nation. If you look at the
kind of rich programs they provide, this is the kind of curriculum
that all students should be exposed to. Yet, for too long, we as a
nation have said it was okay for millions of our students in inner
cities and poor rural communities to receive substandard education
with watered-down curricula and poor instruction. This is human
capital we cannot afford to squander. It could represent untold re-
sources for our country. We need to take the position that quality
education is a civil right for all children in this country and we
need to develop the political will to make that a reality.

So I will be happy to supply more details of any aspects of the
interventions I mentioned during the period of questioning. And,
again, thank you for this opportunity.

[The information follows:]
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I am the Principal Investigator on two grants from the National Science Foundation
to Virginia State University which are studying innovative approaches to improve
the mathematics performance of minority students in the local Petersburg Public
School District. We know that mathematics background and competence are the
primary gatekeepers to STEM careers.

When we started working with the Petersburg district in 2007, it was the lowest-
performing school district in the state. None of its schools were accredited. In
2009, all but two of the schools were fully accredited, and those two missed it by a
few points. We expect all to be accredited this year. On standardized
mathematical performance, the two schools we worked directly with had 127% and
74% increases in scores, respectively.

Our project wasn’t the only thing at work here. A new, dynamic superintendent,
Dr. James Victory, was hired during the second project year, for example. But our
research indicated the dynamic effect that our interventions were having on the
students.

The project involved training teachers in the innovative pedagogy of the Algebra
Project, and organizing the community around support for the schools. The
Algebra Project curriculum was developed by Dr. Robert Moses, who was the
recipient of a MacArthur “genius” award. The pedagogy helps students connect
abstract mathematical principles to their everyday language and experience. The
Algebra Project approach also relies heavily on community involvement. With
their help, we are in the process of developing a “K-16" model with Petersburg and
the university, with the approach that we need to make contact with students early
in their educational experience, and groom them toward STEM programs. This
relationship involves programs like dual enrollment courses, providing math and
science grad students as teachers, providing college student tutors, and providing
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services to students through the involvement of departments like psychology,
sociology and nursing.

One of the most innovative aspects of our project is testing the impact of cognitive
training on the mathematics performance of students. Students coming from low
SES backgrounds (and many with middle class backgrounds) often lack the
capacity for abstract thinking required for success in higher-level mathematics and
science courses, and this is a major barrier to pursuing a STEM-related career.
These deficiencies are usually addressed through content-based remediation and
tutoring programs, but there have been numerous studies documenting the failure
of these types of content-based interventions to have meaningful impacts on basic
skill development or educational achievement, particularly among minority
students.

The approach of direct cognitive training represents a unique method of
developing the underlying thinking skills needed for success in STEM. This
approach is not the usual teaching of “critical thinking” skills, which represent
fairly high-level cognitive processing, but rather it builds the basic architecture of
cognition by training basic cognitive skills such as processing speed, attention, and
working memory. At one time it was thought that these kinds of skills were set by
the time one reached adolescence, but we now know that these skills are malleable,
even into adulthood.

We have been using the procedures developed by an educational firm called
LearningRx, which runs cognitive learning centers around the country. The data
collected in these centers over the last few years has indicated tremendous gains of
three to four grade levels in reading and other cognitive skills after only 15 weeks
of fairly intense one-on-one interventions. We are testing whether meaningful
results can be obtained using an on-line version of the program that can be
administered in groups, which would be more practical in a school setting. Our
initial data looks very promising.

This approach has the potential to revolutionize education in general, and STEM
education in particular. We think this addresses one of the primary developmental
problems that blocks success in mathematics and science classes — weak cognitive
skills.

I teach at Virginia State University (VSU), which is an HBCU, and I want to speak
for a moment about the role that HBCU’s can play in addressing the
underrepresentation of minorities in STEM careers. HBCU’s have the students
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who could fill those majors — VSU loses literally hundreds of potential STEM
majors each year because of difficulties with math. We need to focus more
research dollars to investigators at HBCU’s to develop promising interventions to
attract and hold minority students in STEM majors. Initiatives targeted to HBCU’s
at funding agencies like NSF and NITH need to receive greater support.

Finally, the crisis in STEM education is but one facet of the larger crisis in
education that we face as a nation. We know what quality education looks like —~
we can look at the curriculum of the best schools in any city, such as the Maggie
Walker Governor’s School in Richmond, or the Appomattox Governor’s School in
Petersburg and see the rich programs they provide. Yet for too long we as a nation
have said it was okay for millions of our students in inner cities and poor rural
communities to receive substandard education with watered down curricula and
poor instruction. This is human capital we can’t afford to squander that could
represent untold resources for our country.

We need to take the position that quality education is a civil right for all children in
this country, and we need to develop the political will to make that a reality.

I’ll be happy to supply more details on any aspects of the interventions I mentioned
during the period of questioning.

Thank you.
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Mr. MOLLOHAN. Thank you, Dr. Hill.

Dr. MIELE. Good morning, and thank you for this opportunity to
speak to you all today.

I just want to start out by saying that I concur—am I not on?

Mr. MOLLOHAN. Is the light on?

Dr. MIELE. The light is on.

Mr. MOLLOHAN. Maybe you should pull it a little closer.

Dr. MIELE. Closer to me. Let us try that. Let us make sure.

Mr. MOLLOHAN. Maybe it is not going to come closer.

Dr. HiLL. I think your cord is stuck.

]:‘)71". MIELE. May I? That one gives feedback. Now you can hear
me?

Mr. MOLLOHAN. Yeah, I can. Is this one not working at all?

Dr. MIELE. This one is not apparently working.

Mr. MOLLOHAN. Okay.

Dr. MIELE. But we can share.

Mr. MOLLOHAN. Dr. Hill, can you pull that cord over a little bit.
Put you to work here this morning. Just pull it over toward her,
I think.

Dr. MIELE. There we go.

Mr. MOLLOHAN. Our senior senator in West Virginia, Senator
Byrd, has a common joke almost every time you speak out in public
on the campaign trail, the sound system does not work and talks
about our being able to do lots of things, but not a good sound sys-
tem. I think we had a good sound system.

Dr. MIELE. Okay. Now we are on.

Mr. MOLLOHAN. Yes.

Dr. MIELE. And it is in front of me. So I wanted to start out by
saying thank you. I concur with everything that Dr. Hill said.

DOING SCIENCE—INQUIRY

Science and math are intimately connected and the skills really
can be developed in very much the same way. They need to be
practiced. And we have known for over a hundred years that the
best way to teach young people science is to allow them to do
science. John Dewey pointed this out to us and it has been the
right of every privileged student in private school to have construc-
tivist education and to be doing science. It just has not happened
in public schools.

DRIVERS OF CURRICULUM CHOICES

One of the reasons, I believe, is because the culture in public
schools is very divorced from the culture in higher education. Re-
search is usually not what drives choices. And I actually did not
say that in my original testimony, but it became very clear to me
listening to Dr. Hill that that is something we need to think about.

The choices that are made of curriculum are done at the local
level and they are decided mostly by teachers and parents. The
teachers that teach elementary school science are not scientists,
and they tend to want to teach the way they were taught. And they
were taught by direct instruction and memorization and that is
what they fall back on.

When elementary school teachers are taught to use inquiry it is
what they want to do, but very often their principals will not allow
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it. The principals are concerned that wasting time figuring out how
we know what we know will keep them from learning enough and
will affect standardized test scores and make the school look like
it is not performing well.

INQUIRY-BASED INSTRUCTION AND EVALUATION

It is ironic that some of the classroom where inquiry is allowed
to happen are the special education classrooms. And I actually
heard reports of schools where the special education students out-
performed the general education students on the New York State
Assessment of Science Education.

New York State pioneered using an inquiry-based test. Part of
the test is a practicum. Students have to read instructions and
carry out an investigation, collect data, and analyze the data as
part of their fourth grade and eighth grade assessments. And very
often these children who have been given the opportunity to do
science because no one thought they could learn it, actually scored
higher in it. That was quite an eye-opener for me.

I also spent some time when I joined the faculty at Brooklyn Col-
lege looking at the scores of some schools that had been pointed out
to me as having adopted NSF-funded curricula and having not just
adopted them by buying them but having adopted them by training
every teacher to use them and insisting that they were used. In
those schools, even though they often had minority student popu-
lations of over 95 percent and significant numbers of Title 1 enti-
tled students, those students were performing at the highest level
in math, science, and English language arts.

It is not surprising to me. When you get to do science, you have
to write about it and you have to talk about it. Your language skills
are developed. Your logic skills are developed and you have to use
mathematics to do it well. So it is sort of a fundamental way to in-
tegrate all of the basic scholarly skills.

I speak, of course, as a scientist, but I believe that scientists also
need to write and communicate clearly and, in fact, some of us do
not because when we are not trained in an inquiry way and we
have to answer multiple choice tests, the way the average under-
graduate college science student does, you can graduate without
being able to communicate.

So the FOSS and SCIS curricula which were developed actually
in the 1970s following the initial push to improve science education
in the U.S. during the space race are excellent curricula for getting
results, having children learn how to do science.

I have had a situation where two of my students taught the same
SCIS lesson to two elementary school classes, one a sixth grade
class, one a second grade class, the second grade class had used
SCIS since kindergarten and they outperformed the sixth grade
class far and away. So the take-home message again is, as Dr. Hill
said, you have to do this early. You have to do it often.

Jerome Bruner pointed out to us a long time ago that a spiral
curriculum in which children return to key science ideas repeatedly
over the years as developmentally appropriate is the best way to
build a foundation for advanced science learning in high school and
college.
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Okay. Unfortunately because these curricula have not been
adopted city-wide, we still have a situation where the average mid-
dle school student is just not prepared to do inquiry. But, as Dr.
Hill said, it is never too late.

STEM CAREER CHOICES

In my own classes for early childhood and childhood education,
these are young people that did not decide to be scientists, they de-
cided to be educators, they are afraid of science, they are afraid of
math. I can see a transformation in 15 weeks from people who
were afraid of science and basically have remembered nothing from
their high school careers to people who embrace it as something
that they can do and that is worth doing and that they can lead
young people in doing.

BREAKING THE CYCLE OF NO INQUIRY

I have seen this. I have been doing this for 16 years. It is not
likely to change, but I do know that when these young people go
out to the schools, if everyone else is teaching using direct instruc-
tion and a textbook, that is what they will do.

So how can we break that cycle? We know what to do. We just
do not know how to get it done. The National Science Standards
have helped. They have established an understanding throughout
the science education community of what best practice looks like.
I would like to see that actually—I would like to see it happening
in higher education as well. I will hopefully have it when we talk
about that later on.

EFFECTS OF NSF FUNDING

But let me say something about what some NSF money has done
to Brooklyn College. Funding to my predecessors there for the
Brooklyn plan paid for the development of a series of inquiry-based
science classes. One of them is called Biology and Chemistry of
Every-Day Life. We have one in geophysics. We have one in
paleobiology. We have one in environmental science. It gives the
students some choice. They take these classes learn to think like
scientists.

They also have to take the core classes in gen-ed which are direct
instruction. Very often when they come into their inquiry classes,
they do not remember much from their direct instruction classes.

We have begun a systematic evaluation program over the last
five years where students complete course evaluations on-line and
the results for all departments are open to the entire community.

What I found when I took a look at these results was that stu-
dents who have taken an inquiry-based class answer the question,
how much ability to analyze and solve problems have you gained,
at a level of about 51 percent saying they have gained a lot. This
compares rather unfavorably to the answers of students in geology,
physics, chemistry, and biology where one would expect students to
learn the ability to analyze and solve problems. In those depart-
ments, between 16 and 29 percent as opposed to 51 percent say
they gained a lot of the skill. I think this is rather a good indica-
tion that the students themselves have realized that they are



12

learning to analyze and solve problems in inquiry-based instruc-
tion.

When asked how much ability to find and use information on
your own have you gained, we see similar results. Let me see if I
have my exact numbers here. Fifty-three percent in general
science, and we are talking about 800 to 1,000 students answering
this question each semester, compared to 21 and 26 percent of stu-
dents in traditional science classes. That includes incidentally un-
dergraduate and graduate students in both cases.

So what we see is that what we are trying to do is teach students
to think independently and how to solve problems. And they say
that that is what we are doing.

In addition, students in these classes say that they have gained
a lot of ability to effectively communicate which, of course, teachers
need to do, but so do scientists. If scientists are going to be able
to get their message across to the American public, they need to
be able to communicate clearly.

So we see that more than twice as many students are saying that
they have gained a substantial amount of these skills. This hap-
pens because their learning is active, not passive. One student said
this course is interactive. You do not fall asleep listening to a lec-
ture for three hours. Also you learn better when you are doing
science rather than what you call learning about science.

USING LOCAL RESOURCES

I would like to move on to some of the work that we have been
doing more recently with graduate students. About ten years ago,
I reached out to the American Museum of Natural History. We had
a crisis of materials for learning science in New York City. And the
American Museum of Natural History has perhaps one of the most
amazing collections of real things in the world. It was right there
and none of our students were getting to use it to learn. And our
teachers, many of whom come from other cities and other countries,
were not even aware that it was there.

So I said any teacher educated in New York City should know
that this resource is here and know how to use it to teach the
young people in our city. And Mertz McDonald, who was then the
Director of Professional Development, agreed with me and opened
her doors. She agreed to let our teachers come in after the museum
was closed and use the halls. And it was quite an amazing experi-
ence.

As a result, we developed a course, Science Beyond the Class-
room. And as a result of that as well, the Wildlife Conservation So-
ciety, also known as the Bronx Zoo, called me and said we would
also like to have your teachers come and learn with us.

Similar to our other courses, our students respond that they have
gained a lot or a fair amount of ability to solve problems and gain
information. In the case of our most recent course with the zoo, the
total numbers in those two categories were a hundred percent for
both. I think that is sort of exciting.

But what we found out when we evaluated the programs was
that principals were not allowing teachers to take their students to
the Museum of Natural History or to the zoo. They thought that
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was not instructional time. That was for June. That was for fun.
That was a reward.

Luckily we were able to show the City Council that there was
value in this crazy idea of taking kids to the zoo and taking kids
to the Museum of Natural History. And they funded a project
called Urban Advantage.

Urban Advantage invites teachers to come to seven major institu-
tions in New York for training in how to teach using the resources
of these institutions. They include the zoos, the botanical gardens,
New York Hall of Science, New York Museum of Natural History,
and Staten Island Zoo. We go out to the outer boroughs too.

And what has happened now is the principals have learned that
this is actually a good teaching tool. They are getting very good re-
sources. Families have learned that their children are excited about
learning at these places. And the culture is beginning slowly to
change. So that is very exciting.

I believe that the museum has actually reached out to a few
other major cities and some places are talking about doing similar
projects. That is moving along. So systemic change is slow.

EXIT PROJECTS AND STUDENT ASSESSMENT

Another very important thing for us was the idea of exit projects.
New York City adopted a requirement that every middle school
student must complete an exit project either in social science or
natural science. The exit project has to be an individual research
project. It can use literature research, secondary research, or indi-
vidual investigation.

For the first year, I must say the results were somewhat dis-
appointing. A panel of scientists did not find them to reflect the
processes and procedures and communication methods of science.
But with a little feedback, we developed what is called a rubric. I
do not know if you are familiar with the idea of a rubric, but it de-
fines what excellent practice looks like for every aspect of a project
from the forming of a hypothesis to the collection of data to the lit-
erature research to analyzing your results and representing it
using graphs and charts as appropriate.

So what we have done is broken down the various skills and said
what poor practice looks like, what poor performance looks like,
what intermediate level performance and what exemplary perform-
ance looks like. It breaks the secret.

There was a time when a good student was a student who knew
the secret of what the teacher was looking for. By making the se-
cret open, we make it possible for every student to achieve excel-
lence and students will. Actually, one student commented that with
a rubric, you have no excuse for not doing well in a course. So I
am excited about that change as well.

NEW COURSE DEVELOPMENT

Our new courses for graduate students have been funded by New
York State Education Department and by New York City Depart-
ment of Education. Over the last three years, we have been train-
ing our Earth science teachers, and I should say that this is also
with NSF funding, through the geoscience education grant. We re-
ceived funding to develop a new teacher education program of 30
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credits that brings together geoscience and education linking con-
tent and pedagogy in every course. This requires, of course, that
the Geology Department consider this a priority, and we have been
Verﬁ lucky to find that the Department was willing to be a partner
with us.

In one of our first courses, developed with NSF funding, we
found that 45 percent of students responded that they had gained
a lot of ability to analyze and solve problems as opposed to 16 per-
cent overall for the Geology Department. For 55 percent, they
gained a lot of ability to find and use information on their own.

So we have been able to change the culture of graduate study in
the Geology Department and, in fact, the Department has received
fur}(liing through NSF to revise their undergraduate curriculum as
well.

So one department at Brooklyn College has said inquiry-based
instruction is not just right for K to 12, it is the right way to ap-
proach graduate and undergraduate education for teachers and for
all of our students.

HIGH-STAKES STANDARDIZED TESTING

Okay. I just want to say a few things about some other barriers
to the use of inquiry in K to 12 and that is high-stakes standard-
ized testing.

New York City and New York State have begun to change how
they evaluate students, New York City with the eighth grade exit
project, New York State with a high-stakes exam that looks at both
objective testing as well as a practicum. However, for the most
part, these tests are expensive. They are difficult to grade. They re-
quire each student’s test to be individually graded. And I think
that it would be very helpful if we had very good, well-normed tests
that actually looked at inquiry-based learning and science process
skills as well as the tests that we currently have which are looking
at which facts you have memorized. That is the lowest level of
knowledge according to Ping’s Taxonomy of Learning, the highest
level being able to analyze and evaluate material as opposed to just
recognizing that it is right.

One method that might be very useful to develop would be an
electronic concept mapping assessment. Concept mapping was de-
veloped by Novak at Cornell University to look at how students
learn biological sciences. It is now used routinely in many class-
rooms to help students organize their understanding, and there are
electronic concept map programs that allow us to see what stu-
dents can do. It should not be that difficult for a good computer
programmer to turn this into a high-quality assessment.

INCREASING UNDERGRADUATE STEM MAJORS

Okay. And one more thing in response to the comments that
were made earlier about undergraduate science education. One of
the things that we have discovered at Brooklyn College, again with
funding from the National Science Foundation through a STEP
Grant, we discovered that students who did not think they wanted
to be science majors but who were good at science and math as
high school students could be redirected to a major in science, in-
cluding a major in physics, if their freshman year course work was
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well supported, including social support as well as academic sup-
port.

So what we have done is we have created learning communities
where students learn about career opportunities in the sciences
that they are not aware of as they come into college. And they also
work with peers in peer-assisted learning to practice the skills that
they need to be successful in their courses.

What we found is that over half of the students who were partici-
pants in the freshman year choose a major in one of the STEM
fields even though it was not their original intention. We also find
that we are retaining virtually all the students who choose a
science major. And that is unusual. Usually you lose more than
half of students because of the rigors of the freshman year course
work that they are not prepared for.

[The information follows:]
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Testimony of Eleanor Miele, Ph.D. February 3, 2010

Summary: Over the past twenty years the Brooklyn College Schoo! of Education has received
funding from the National Science Foundation to “reform” the preparation of science teachers
at al} levels. Course evaluations show that students of inquiry-based science courses report
gaining more ability to analyze and solve problems and to find and use information than
students in traditional college science courses. Financial support for teacher preparation,
professional development and access to materials of science instruction and for rigorous
quantitative evaluation of the efficacy of inquiry-based science instruction is necessary to make
inquiry science instruction systemic and a right for all students.

My name is Eleanor Miele and I am the Program Head of Science Education at the School of Education
at Brooklyn College of the City University of New York. I am responsibie for the undergraduate and
graduate programs in elementary, early childhood and middle childhood science education. Brooklyn
College is a publicly funded institution of higher education that serves a diverse urban community. I am
trained as a traditional scientist with a doctoral degree and post doctoral research experience in
molecular biology and genetics. I have 16 years of experience as a teacher of inquiry-based science to
urban high school students and 17 years of experience preparing teachers of science to work in New
York City schools. My testimony will address several issues in inquiry-based STEM education:

e K-12 Inquiry Science Curriculum
e K-6 Teacher Preparation

e 5-12 Science Teacher Preparation
o Need for Systemic Change

In the early 1900s John Dewey had already challenged the educational community to ailow children to
construct their own understanding though concrete interactions with materials and defined the
essential features of inquiry leaming.

“Science teaching has suffered because science has been so frequently presented just as so
much ready-made knowledge, so much subject-matter of fact and law, rather than as the
effective method of inquiry into any subject-matter.”’

Beginning in the 1960's, with funding from the NSF, science education was “reformed” to incorporate
an emphasis on “doing science” in collaborative groups rather than memorizing science as passive
receivers of knowledge. Over twenty years ago the Lawrence Hall of Science of the University of
California at Berkeley developed the Science Curricuium Improvement Study(SCiS) followed by the
Full Option Science System (FOSS) in a collaboration between scientists and educators to create
curricula for elementary schoo! students to gain scientific understanding through active inquiry.
Extensive research demonstrated the power of these curricula to increase science content knowledge
in students from varied socioeconomic groups and in English language learners, but large scale
studies often failed to demonstrate significant improvements in science learning.

When | assumed responsibility for science education at Brooklyn College in 1998, the college had
recently received funding from NSF to purchase the SCIS and FOSS kits for use in courses in
methods of teaching science as part of the Brooklyn Plan to reform science instruction for early
childhood and elementary teachers. At thattime | conducted my own informal investigations into the
impact of these curricula on student learning. | reviewed the aggregate scores of students from a
selection of public elementary schools in Brooklyn, NY on the NYS Elementary Science Program
Evaluation Test (ESPET). This test was one of the first to include evaluation of students' abilities to do

'Dewey, J. 1910. Science as subject matter and method. Science. 28, 121-127.
1
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science inquiry. | found that schoois that reported that they had adopted the NSF-funded SCIS or
FOSS curricula had higher scores on the ESPET than similar schools that did not use the inquiry-
based curricuia. They often aiso had higher scores on the state mathematics and reading tests
despite having high percentages of minority and Title 1 students. Unfortunately, the limited data
available at that time preciuded a systematic evaluation of the efficacy of the NSF-funded curricuia in
New York City Schoois.

One anecdote illustrates the power of inquiry-based instruction in empowering elementary school
students to learn. ! asked teachers in a graduate class in science education to pair up and teach the
same inquiry-based lesson to their own students and compare the student products. in one pairing,
one teacher was teaching a sixth grade class in a parochial school and the other was teaching a
second grade class in a public school that had fully implemented the SCIS curriculum. The teachers
were shocked at the results. The sixth grade teacher had difficuity just preparing her students to
“become scientists” for the day. The work produced by the second grade class was more
sophisticated and gave evidence of deeper understanding than that of the sixth grade class. These
younger chiidren had already gained the basic skills of inquiry as kindergarten and first graders and
thought of themselves as “scientists.” The scientific skills and attitudes of objective observation and
analysis take time and practice to develop, just like the basic skilis of reading and mathematics.

One of my former students recently sent this news from the “front,” a Brooklyn Middie Schoo}
committed to inquiry-based instruction;

“...our kids are totally unprepared to do inquiry-based science because they do not have the
background knowledge, the non-fiction reading ability nor the higher-order thinking skills
required to make the connections that we are asking them to make. We are doing inquiry in our
school, but it is a long and painful process. BUT, when the kids do come through the process,
they are much more engaged and excited by the process of science as something that they
can do - not something that has already been done (by old white men}.”

The take-home message; teaching inquiry-based science is difficult--but worth the effort and it shouid
begin before middle school.

The FOSS curriculum has recently been adopted by the New York City Department of Education as
the approved hands-on science curriculum for elementary schools city-wide. Nevertheless most
schools still opt for the traditional text-based approach with “supplemental activities” because of the
lower cost and because of teachers’ fear of doing science in the classroom. This is however, a time of
historic opportunity to systematically examine the effectiveness of the FOSS curriculum, as school
systems enter a new age of data transparency.

To teach inquiry science, teachers must be comfortable with their own ability to engage in inquiry. The
National Science Education Standards, published by the National Academies Press in 1996 stated
that “effective teachers of science create an environment in which they and students work together as
active leamers.” According to the Standards, “Professional development for teachers of science
requires learning essential science content through the perspectives and methods of inquiry.” Science
learning experiences for teachers must

» involve teachers in actively investigating phenomena that can be studied scientifically,
interpreting results, and making sense of findings consistent with currently accepted scientific
understanding...

« introduce teachers to scientific literature, media, and technoiogicai resources that expand their
science knowledge and their ability to access further knowledge...”

As part of the NSF funded Brookiyn Plan, facuity in science and science education developed a new
series of required inter-disciplinary inquiry-based science courses. Two of these courses are still
required of all early childhood and elementary education majors in addition to the general education

1996, National Academies Press. National Science Education Standards, http://www.nsta.org/publications/nses.aspx
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science courses required of all Brooklyn College students.

in 2005 Brooklyn College began a new online course evaluation program designed to ook closely at
student outcomes, The evaluation uses a standard five leve! Likert scale of responses and allows for
student comments. For this hearing | reviewed the course evaluations with a focus on student
responses to questions that are indicators of inquiry-skill development. The two questions are

. How much ability to analyze and solve problems have you gained?
. How much ability to find and use information on your own have you gained?

Possible responses are “a lot,” “a fair amount,” “some,” “a little,” and "hardly anything.” Starting with
the assumption that ali science courses piace a high priority on the ability to analyze and solve
problems, { compared the {otal aggregate student responses for the departments of Biology,
Chemistry, Geology and Physics to those for General Science for the Spring 2009 semester.

| found that 51% of students in inquiry-based General Science courses respond that they had gained
“a lot” of ability to analyze and solve problems, compared to between 16% and 29% of students in
traditional science courses (20% biology, 29% chemistry, 16% geology. 28% physics). When the two
“positive” responses are summed for each department the resuits are equaily clear; 69% of physics
students, 59% of biology students, 71% of chemistry students, 50% of geology students and 88% of
General Science students reported that they gained either “a lot” or “a fair amount” of ability to analyze
and solve problems. These data indicate that students perceive that inquiry-based courses are more
successful than traditional science instruction in helping them develop analyticat skills.

When asked “How much ability to find and use information on your own have you gained?” 53% of
General Science students said “a lot,” compared to between 21% and 26% of students in other
science courses. Skills in independent literature research are essential to scientific research, and
once again students in the inquiry-based courses reported gaining more of these inquiry skills.

The ability to effectively communicate is aiso a fundamental skill for scientists and educators alike. in
response to the question “How much ability to express your ideas verbally have you gained from this
class?” 50% of General Science students responded “a lot”, compared to 18% of Biology, Geology
and Physics students and 23% of Chemistry students.

One student recently summed up the value of inquiry-based instruction with this posting, “This course
js interactive, so you don't fall asleep listening to a lecture for 3 hrs. Also, you learn better when you
are doing science rather than learning about science.”

Graduates of our childhood education program enter the profession of teaching prepared to think of
themselves as problem-soivers and empowered to teach inquiry-based science to children.
Graduates of our program are sought out by principals who are committed to inquiry-based science
instruction. Over twenty years later, the benefits of the NSF funding for the Brookiyn Pian continue to
bear fruit for elementary school teachers and their students.

Over ten years ago | began to reach out to informal science institutions in the City of New York to enter
into partnership with Brooklyn Coliege to increase access to high quality materiais for science
instruction for all New York City schoolchildren. Working with the American Museum of Natural History
(AMNH) | deveioped a new course: Science Beyond the Classroom. Educators at the Bronx Zoo aiso
reached out as a resuit of my partnership with AMNH and we have developed two courses in
coltaboration that are offered to graduate and undergraduate students of education. The Wildiife
Conservation Society later received funding from NSF CCLI to expand on the undergraduate courses.
(In the Fali 2008 course evaluation survey 40% of graduate students taking the WCS course report
gaining “a lot” of ability to analyze and solve problems. 60% gained “a iot” of ability to find and use
information on their own. 100% gained “a lot” or “a fair amount” of both skills.)

Evaluation of outcomes from the first collaboration with AMNH revealed a fundamentai barrier to
place-based inquiry instruction in pubiic education. Our evaluation revealed that school principals did
not see field trips as “instructional time.” They wouid not allow the teachers we had trained to teach at

3
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science-rich sites such as the American Museum of Natural History (AMNH) to use these rich
resources to teach their students. They viewed field trips as rewards, not as educational
opportunities.

Synergistically this coincided with the New York City Department of Education impiementing a required
inquiry-based Exit Project for graduation from middie school. The American Museum of Natural
History was able to organize nine science-rich institutions in the city to demonstrate that they couid
support the Exit Project effort, and with funding from the City Council in 2005 the Urban Advantage
project was born. Urban Advantage is a standards-based partnership program designed to improve
students' understanding of scientific inquiry through collaborations between urban public school
systems and science cultural institutions that has allowed place-based science investigation to flourish
in New York City middle schools.

While our partners at the American Museum of Natural History worked successfully to change the
system to support inquiry learning at science cultural institutions, my colleagues in the Geology
department at Brooklyn College and | worked to change the coliege to support inquiry iearning for
science teachers. Bringing inquiry approaches to secondary schoo! teachers is problematic, since their
science instruction is typically conducted in science departments which have not embraced inquiry
approaches to instruction. Teachers teach as they have been taught. Another probiem in effective
inquiry instruction is access to materials to observe and manipulate. During successive budget crises,
access to materials of science instruction has often been limited in New York City schools. By
designing new courses for our graduate programs in middle childhood and secondary science
education in partnership with informal science partners, we were able address these two critical
problems at the same time.

We began in partnership with the AMNH and our sister college Lehman College to create TRUST,
Teacher Renewal for Urban Science Teachers. Together we developed a program including new
inquiry-based geoscience courses at the two partner colleges and a summer institute at the AMNH
that woulid count as graduate credit toward teacher certification. Our external evaluator found that
87% of TRUST participants reported that they had taken their students outside the classroom for
instruction.

The new course developed at Brooklyn College, Geology 613: Earth Science in the NYC Urban
Environment, requires four field trips and is described as follows:

investigation of five guiding questions regarding the connections between geology and New York City:
On what is the city built? Of what is the city built? How has the New York City environment changed?
Why did the metropolis develop here? What environmental hazards does New York City face?
Mandatory weekend field trips within Manhattan and Brooklyn.

In the Spring 2009 offering of this course, 60% of participants responded that they had gained “a lot”
of general knowledge about the subject. 45% responded that they had gained “a lot” of ability to
analyze and solve problems. And 55% said they had gained “a jot" of ability to find and use information
on your own. Compare these results to the results for the Geology department as a whole, which had
the lowest average scores for these questions of all science departments.

Based upon the success of the TRUST project we received funding from the NSF Geosciences
division for Science and the City, a plan to develop a new 30-credit program of inquiry and field based
courses in geoscience for teachers of Earth Science. Our goal was to create an entirely new
approach to science teacher preparation using a City-as-Lab approach to produce graduates who are
able to integrate the resources of the city into their teaching.

This program inciudes twenty-four credits in geology that model active learning pedagogies. The
courses are thematic in nature and focus on core knowledge from the New York State Core
Curricufum in science with an emphasis on inquiry-based learning. The courses were designed by a
team consisting of members of the Division of Science of the New York City Department of Education,
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experienced middie and high-school earth science teachers, informal science educators and college
faculty in geology and education.

All course assignments are based on goals that are student—-centered, concrete, measurabie, and
develop higher-order thinking skills by providing practice in key content and process skilis through
activities and assignments in real world applications. Course assignments in all courses require
teachers to create age-appropriate learning activities for students utilizing NYC and NYS cuitural
and/or natural resources.

During the summers of 2007 and 2008 the New York State Education Department funded a summer
science institute, New York City Earth Science & Technology which aliowed us to pilot two new
courses each summer without cost to the teachers. To evaluate the effectiveness of this summer
institute we conducted a program evaluation..

In summer 2007 the content knowledge gain of the participating teachers was assessed by a program
evaluator {not the course instructor) using a pre-test/post-test comparison based upon the New York
State Regents examination in Earth Science. We found this approach to provide limited data on
knowiedge acquired. For 2008 we used an open-ended assessment embedded in the first and last
course sessions. Students completed a concept map of their current understanding of the main theme
of the course on day one and the final session. Concept Mapping, developed initially by Joseph
Novak at Cornelt University in the course of research to follow and understand changes in children’s
knowledge of science, is now widely used to organize and represent knowledge. Post course concept
maps showed gains in the number of concepts and connections. There were also fewer
misconceptions on post-test concept maps.

For all courses, the pedagogic skills of course participants were also assessed by an external review
of unit and lesson plans prepared as major course assignments. All iessons prepared by course
participants were found by external reviewers (New York City Earth Science Teachers) to be
standards-based and inquiry-based. Privacy and union reguiations have preciuded meaningfui
assessment of impacts on student jearning in New York City classrooms, but new agreements for data
sharing indicate that it may soon be possible to obtain data on the impact of inquiry-based teaching in
classrooms.

New York City schools face a critical lack of earth science teachers and a high attrition rate of new
teachers. At the outset of this project only 7% of the certified science teachers in the city were certified
to teach Earth Science. Based on the recommendations of our colieagues in the NYC DOE who
assisted us in design of this new inquiry-based masters program, for the past three years, the New
York City Department of Education has funded a cohort of NYC Earth Science immersion Teaching
Fellows at Brooklyn Coliege. Over 90% of these Fellows are successfully teaching Earth Science in
New York City public schools.

Needs:

in order to systematically institutionalize inquiry-based science instruction, it is essential to support
changes system-wide that will support higher order iearning and discourage mere memorization and
recall. Most current methods of assessment discourage inquiry-based instruction. Development of a
digital assessment system based on concept maps would be a benefit to inquiry-based instruction
since software for concept mapping is widely available and used. We need to continue to support
inquiry-based teacher preparation and professional development and provide ongoing funding for
materials of instruction. True systemic change requires additional support for pure research in
science education and cognition in science learning. Funding to support the professional education of
researchers in science education is also needed to properly document the efficacy of inquiry-based
instruction. Properly trained evaluators who understand both science and pedagogy are rare. itis
100 years after John Dewey first introduced the idea of “progressive” inquiry-based instruction. itis
time that it was the norm and not the exception, a right and not a privilege.
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Mr. MOLLOHAN. Well, thank you both.

Dr. Hill, why don’t you bring that back?

Dr. HiLL. Okay.

Mr. MOLLOHAN. Is this just absolutely not working? It sounds
like it might be.

Dr. HiLL. It probably needs to be closer.

Dr. MIELE. Can you hear? No, it is not working.

Mr. MoOLLOHAN. Okay. Well, we are not far apart, but we need
it. Is it working? Okay. If you speak closely. And, unfortunately,
this is so tight that it cannot—okay. I hate fighting with this.

COGNITIVE TRAINING

But, Dr. Hill, you talked about a reference, cognitive training.

Dr. HiLL. Right.

Mr. MOLLOHAN. I would like for you just to talk about that a bit
for the Committee, give us a better understanding of what cog-
nitive training is

Dr. HiLL. Okay.

Mr. MOLLOHAN [continuing]. And how it

Dr. HiLL. And I also would like to contrast that with tutoring
which is the usual approach to, you know, remediating things like
math skills.

So cognitive training, first of all, is not instruction. It is actually
trying to build the underlying cognitive architecture in the student,
so you can take a task, there is a famous task in experimental psy-
chology called the Stroop Task where you have letters, I mean, I
am sorry, words that spell out color names, but the ink of the color
could either match the color name or could be incongruous with the
color name.

You can use that kind of task to teach attention. They have to
attend to either the color of the ink or what the word is saying. You
can use that task to train processing speed because as they master
a certain skill level, you can cause them to do it in a shorter
amount of time.

And so you can take any kind of task like that and use it to train
processing speed, memory. You can give them distracter tasks.
They have to now have divided attention, sustained attention, se-
lective attention.

But basically what we are talking about is building the under-
lying structures of cognition that then allow you to have kind of a
framework to place abstract concepts like higher level mathe-
matics, for example, or even processes like critical thinking skills.
It is like you need some basic architecture underlying that in order
for it to work.

And this is kind of an innovative approach, but when I first en-
countered the data from this Learning RX organization, I was just
stunned at the kind of changes they were getting in 15 weeks. You
mentioned 15 weeks too. That seems to be kind of an interesting
number.

But what we are looking at is the transfer that this kind of train-
ing has to things like learning math. And we are finding that even
measured with imperfect measures like the standards of learning
test in Virginia that we get tremendous increases after one semes-
ter of these kinds of interventions.
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Now, the problem is in the past, these kinds of interventions
have been one-on-one, kind of in a clinical setting almost. And so
we are trying to find ways to broaden that so that you can have
group administration on a computer that is not going to be as effi-
cacious, but we want to see if it is good enough, you know, if we
can still get some significant results with that because that would
be much more practical in an educational setting.

Mr. MOLLOHAN. Intervention sounds like a remedial process.
Does cognitive training happen the way you think it should happen
and when you think it should happen?

Dr. HiLL. Well, it is remedial in the sense that I guess if a person
grew up in an enriched environment where they were in a home
where there were many books around and they were having con-
versations with their parents, these kinds of cognitive skills would
tend to develop naturally.

You are talking about kids who come from homes where there
might be one or no parents around, where their nutrition is inad-
equate, they get no stimulation, no supervision sometimes, and so
they are not developing these kinds of skills.

Mr. MOLLOHAN. Yes. What I heard you saying is that the exam-
ples that you were alluding to happened after a period of time
when it would have been good to lay this cognitive foundation, this
framework that you are talking about.

And so what I am really asking is, how should it happen, unless
I am misunderstanding what you said

Dr. HiLL. Well

Mr. MOLLOHAN [continuing]. How should it happen in the normal
educational process and when?

Dr. HiLL. Well, normally these kinds of processes would not be
directly dealt with in education other than in the kind of inquiry-
based learning that we just heard about, which do tend to develop
thinking skills.

But what we are saying is that if these skills are not there, it
is not that there is some critical period that they have to be devel-
oped. And even in adulthood, you can start to train these skills and
get those kinds of results.

So this has been very encouraging that even if a kid comes from
an impoverished and stimulus-poor environment that at the middle
school level or at the high school level, it is not too late to have
these kind of interventions.

Mr. MOLLOHAN. And that is what I meant when I said that it
sounded like you were describing a remedial process. And by that,
I meant a process of intervening at a later time in the educational
process and just forgetting for a second what socioeconomic back-
ground somebody comes from.

Dr. HiLL. Right.

Mr. MOLLOHAN. Are you suggesting that the educational system
should be laying that framework down in the educational process
at some point——

Dr. HiLL. Yes, from the beginning.

Mr. MOLLOHAN [continuing]. In a child’s development? Okay.

Dr. HiLL. These kind of inquiry-based methods of instruction.

Mr. MOLLOHAN. And, I mean, we are talking pre-K?

Dr. HiLL. Pre-K.
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Mr. MoOLLOHAN. We are talking kindergarten, we are talking——

Dr. HiLL. Yes.

Mr. MOLLOHAN. Okay. Is that happening——

Dr. HILL. No.

Mr. MOLLOHAN [continuing]. Anywhere?

Dr. HiLL. Well, apparently it is happening some places. In Brook-
lyn, yes. But in general, and can I just piggyback on what was said
about these high-stakes standardized tests, in Petersburg, for ex-
ample, where you have a distressed district that has a hard time
holding on to good teachers, these are just deadly. Their whole day
is spent teaching to the test. I mean, it is deadly for the teachers.
It is deadly for the students. And it does not have the outcomes
that we——

Mr. MoLLOHAN. Well, I really think we are convinced that there
is a problem seriously, I mean, based on this testimony and, you
know, what we hear.

Dr. HILL. Yes.

THE SUPERIORITY OF INQUIRY-BASED INSTRUCTION

Mr. MOLLOHAN. But let me ask, Dr. Miele, is there any real de-
bate about the advantages, the superiority, if you will, of inquiry-
based STEM education as opposed to direct fact learning? Is there
any real debate about that?

Dr. MIELE. There is no debate. The consensus of the science edu-
cation community is this is the right way to teach young people.

WHO MAKES STEM EDUCATION CHOICES?

Mr. MoLLOHAN. Then why is it not being readily accepted and
hearing you all testify here today, it is apparent it is not system-
ically embraced?

Dr. MIELE. Because the choices are not made by the people who
are in the science education community. The choices are made by
generalists in grades one through six. Principals are typically not
science educators. They are typically more likely language arts. Ac-
tually, we get a lot of people from the humanities. I am not knock-
ing the humanities. They are great. Those people are not aware of
the special needs of education in the sciences and in mathematics,
but they are making the choices of curriculum.

Mr. MOLLOHAN. So the obvious question is, how is this overcome?
I mean, if it is consensus among the people who should know, but
there is this impediment to mainstreaming this kind of education
in math, science, how is that overcome in the real world?

Dr. MIELE. One step is to make sure that the standardized tests
test those skills so that the principals know that their students
have to learn them.

Another way is to make sure that some funding for schools has
to go not to textbooks but to consumable materials for learning
science. If it was earmarked in the budget that the only thing you
can spend this money on is either a kit or your own materials pur-
chased and demonstrated to be appropriate for teaching hands-on
science, and that might just be, you know, vinegar, baking soda,
and plastic cups, frankly, it does not have to be a sophisticated kit,
it just has to be the things that have been shown for the last 50
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to 100 years to be effective. If you have to spend some of your
money on consumables, you have to be doing science.

EFFECTIVE, ACCELERATED IMPLEMENTATION

Mr. MOLLOHAN. Okay. Well, we are in the business here of fund-
ing worthy programs in a very competitive way. We could fund
these demonstration projects and the STEM education grant that
you got from NSF which comes from this Subcommittee all day
long, and if you did it on a grant-by-grant basis around the coun-
try, it would be our great, great, great, great grandchildren by the
time it got down to them.

How does this form of education become the accepted model and
in that way be adapted by educational institutions from K through
graduate school in a far more expeditious way? How does that hap-
pen? Do you need a definitive study from NSF or from the National
Academy or what? And so we have those?

Dr. MIELE. You know, at this point, many of the studies show
mixed results. And it is my belief that the reason they showed
mixed results is that just because you bought an NSF-funded cur-
riculum does not mean that your teacher used it or used it prop-
erly. So you do need truly systemic change, but you also need the
high-stakes test to match. And we have never had that congruence
where the high-stakes test was, in fact, one that looked at inquiry
skills and at the same time, you had an entire discernible region
that really implemented it.

If we could have that, it would be helpful. I do think that we
need more people to be trained as evaluators. There is a dearth of
high-quality educational evaluators who also understand science.
So that would probably be helpful.

We also need to train the teachers that are veteran teachers be-
cause our young people coming out know how to do inquiry science.
I have yet to meet a science educator who does not teach inquiry.
It is the consensus, but they get out to the schools and all of a sud-
den, it is not what is happening.

It is generally believed that you need a minimum of 60 hours of
high-quality professional development that is truly inquiry based
with a facilitator who can help you make the transformation and
a principal who will let you do it.

Mr. MOLLOHAN. Okay.

Dr. HiLL. Can I add to that also?

Mr. MOLLOHAN. Certainly.

Dr. HiLL. I mean, if you look around the country at the schools
that are succeeding, they are the ones that have some degree of
independence, you know, usually a charter school or some other
mechanism they have had to extricate themselves from the edu-
Cﬁtional bureaucracy so that they can try innovative kinds of
things.

And just to put in a word for the humanities, I do think that,
you know, in many of these inner city schools, we have kind of al-
most eliminated the humanities, you know, things like music, lan-
guage. Those kinds of exposures at an early age can also have
transfer to the kinds of critical thinking skills that we are talking
about at the middle school and high school level.
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And so part of this is budgetary. You know, good education is ex-
pensive. And so we are cutting corners wherever we can. We are
trying to stick to the basics, so to speak, which usually means
teaching to the test. And it is just a complete mind set that has
to change.

Mr. MOLLOHAN. And that is why I am suggesting you need some
seminal study that

Dr. HiLL. Right.

Mr. MOLLOHAN. [continuing]. No one can deny the validity of and
that everybody has to respect and then adopt it. And that 1s really
what I was kind of:

Dr. HiLL. I mean, if you could find a superintendent at a major
city that would be willing to, you know, implement this evidence-
based practice throughout the system and, you know, it could be
your hard case like, you know, in places like New York City, Chi-
cago, Los Angeles and demonstrate its efficacy in that environment,
I think that would be very convincing in other parts of the country.

Mr. MOLLOHAN. You need a good model.

Let me call on:

Mr. WoLF. Thank you, Mr. Chairman.

INDIVIDUAL SUCCESSES AND PERVASIVE PROBLEMS

I have some questions. Maybe we will just submit them for the
record and just ask you, I mean, have we not really done all of this,
though? I mean, this country is 230 years old. We had the best
educational system in the world. And now when you look at the
scores, and I have not looked at them for the last couple months,
the figures, but we were like 21st or 22nd in math.

We have so many individual successes around the country, but
overall there is the problem. And I think, and I do not know that
it is just necessary funding, it is an attitude and there is something
wrong. There is something going on that, you know, why are the
young people here not as interested or scoring as high as they are
in China or as in Singapore.

The purpose of the amendment that we offered last year to the
National Science Foundation is we should know what the best
practices are now and have every school system in the country
adopt whatever these best practices are because we have been op-
erating. We have a broad foundation. We have all these different
groups doing all these studies and research and putting a lot of
money. And we have the Gates Foundation doing all of this.

So I would think that we would know now what works and what
does not work. The question is getting the localities to implement
and also doing something to make the young people have an excite-
ment about math and science and physics and chemistry and biol-
ogy and different things like that.

But why do you think we have fallen behind?

TEACHER TALENT

Dr. HiLL. Can I address that? I think the teacher variable is one
thing. I mean, for decades, if not centuries, in this country, we had
a free ride because the best and brightest women would go into
education because that was the only field available to them. And
when opportunities opened up for women, we did not replace them
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in the classroom. We did not raise the salaries to attract the best
and brightest. We did not raise the prestige level of teachers.

And so now it is a hard sell to get the best and brightest to go
into the classroom. And no matter how good the methods are, no
matter how good the curriculum is, if the teacher is not excited
about knowledge, if the teacher is not knowledgeable in their sub-
ject matter, it is going to be hard for them to convey that to their
students.

So we have to find a way to get the best and brightest again at-
tracted into the field of education.

REWARD OF STEM CAREERS

Dr. MIELE. And I concur 100 percent, but I would like to add that
we also have to get the message out that careers in science are ex-
citing. As I said, when we showed freshman what you can do with
a science major, they were shocked. They had no idea. They
thought they had to wear a white coat and be in a lab.

But there are many, many careers that are based on a sound
technology or science major, including careers in law, environ-
mental law, for instance, medicine. I mean, there is quite a long
list. And when they go out and interview people who did majors in
physics and chemistry and find out that some of them are entre-
preneurs starting green businesses, they say, oh, I could see myself
doing that and suddenly they want to major in science.

But what the message has been to the generations for the past,
I would say, 20 or 30 years of young people who are thinking about
science is you are going to have to become a lab coat scientist or
you might as well, you know, go to Wall Street or become a lawyer
straight, you know, straight from a liberal arts background.

And we do not actually reward our scientists very well.

Dr. HiLL. And if T can add to that, too. Making them aware of
the possibilities in terms of salary. I mean, business schools are
bulging in most universities because kids have the idea if you get
a business degree, you are going to do pretty well salary-wise in
your career.

So I do think it is a matter of getting the information out, getting
the word out.

Dr. MIELE. They want to go to medical school. They do not real-
ize that they can do well by doing science.

Mr. WoLFr. Okay. Well, you know, we can talk about this forever.
I remember the movie I saw of the young boy from West Virginia,
October Sky, and I just think there is something missing. There is
something wrong.

DECLINE IN U.S. MANUFACTURING

And, you know, I think the real danger is, and I think we could
be approaching the point, is that the fewer manufacturing and
fewer things we do in this country, even if you then create an inter-
est in young people, there will be no place to go.

If you get on the train in Washington and take it up to New York
City, if you do not read your book, you just look out the windows,
the factories are closed. You go through my old neighborhood. We
had the largest General Electric factory I think in the world. It is
gone. It is all gone.
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And if you no longer have the manufacturing base and opportuni-
ties, then it will almost become a self-fulfilling prophecy because I
think some of the young people believe that there will not be the
jobs even if they get in it.

GOOD STEM EDUCATION

So I think, you know, the time is now. I think we should have
enough information. My sense is you have to deal with it in K
through six. If you lose somebody after sixth grade, maybe it is
fifth grade, maybe it is seventh grade, you are not going to find
them again.

In my area, we have Thomas Jefferson High School, one of the
best high schools in the country. These kids are creative. They are
anxious. They are interested. I think we should be able to replicate
that all over.

But, anyway, I appreciate your testimony. There is something
wrong. Anyway, thank you so much.

Dr. HiLL. Thank you.

Mr. WoLF. Mr. Chairman, I would like to submit the questions,
if I can, for the record, please.

Mr. MoOLLOHAN. Certainly.

Dr. HiLL. Mr. Chairman, can I make one other comment about
funding?

Mr. MOLLOHAN. Certainly.

CHALLENGES FOR YOUNG FACULTY AT HBCUS

Dr. HiLL. Since you mentioned it, you know, this Committee,
that is one of their charges is to go through agencies like NSF and
NIH to get the funds out there. If we could have some new models
of funding like I was mentioning earlier for faculty at places like
HBCUs that do not have the traditional steps for acquiring funding
because even when NSF has an HBCU initiative, the issue is on
the other end, on the faculty member having the time to write a
competitive proposal. And that is why sometimes a lot of money
stays on the shelf that, you know, could be accessible.

So if we could think of things like research initiation grants
where we are giving money directly to HBCUs to fund their faculty
research, to give them the time, those are where the bodies are, the
roles models.

And, again, we have an engineering school that takes in three or
four hundred kids every fall and we lose two or three hundred of
them.

Mr. MOLLOHAN. Well, maybe some of the other members want to
talk about that, and then we can talk about it when it becomes my
turn again.

Dr. HiLL. Okay.

Mr. MOLLOHAN. Mr. Bonner.

Mr. BONNER. Thank you, Mr. Chairman, for once again leading
the full Committee by coming out of the gate with the first, to my
knowledge, the first hearing. The President’s budget has not even
dried yet and we already are like we did last year into asking some
good questions of bright panelists.

Thank you both for being here.
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MATH SCIENCE HIGH SCHOOL

There are so many things, and I, too, would like to submit my
written questions for the record for your consideration, but there
are just so many things going through my mind.

Last week, I taught at Alabama School for Math and Science. 1
am from Mobile, Alabama. And our State School for Math and
Science, which is a residential campus, is in my hometown of Mo-
bile. I did not teach math or science. I taught a class on American
civies.

And the graduates from that school have an opportunity to go to
MIT and Stanford and Harvard and some of the finest schools in
America with full-ride scholarships. So it is something we are very
proud of.

STEM EDUCATION IN RURAL AMERICA

And, yet, I am from a town of 1,200 people in the most rural part
of Alabama, and I know there are rural parts of West Virginia and
there are even rural parts of New York, Chairman Serrano, but I
worry about science education, math education in rural towns be-
cause the town I grew up in, I was blessed. I had a very good math
and science teacher that loved it, knew it, and shared it.

But in listening to the story of Brooklyn or what is going on in
our larger cities, I do worry what can we do about making sure
that our rural educators and our rural science and math curricu-
lums are not being left out because everyone cannot travel to the
zoo and have an up close and personal experience. Again, we have
got a science explorium in Mobile. We have got a lot of things that
a lot of other cities, communities do not have.

What do we need to do to make sure we do not forget about the
rural schools in America?

Dr. MiELE. I would say that the rural schools have things that
New Yorkers do not have. Those young people actually know what
a cow looks like. You know, every community has its strengths and
the real thing, the world is there for all students if they have edu-
cators that know how to help them look at it objectively, systemati-
cally, and to think about how the world works.

I really do not think that that is the issue. I would love to be
able to bring our students, you know, to nature. And for us, all of
our nature is highly degraded. I mean, we go and look at a forest
and it is trampled by millions of feet. And the only kinds of ani-
mals you see are squirrels and maybe rats.

I think the issue really is when we talk about good science, it is
about process. And if you have learned to think like a scientist by
the time you are 12, you will be able to learn in the formal way,
what we call the direct instruction. It is not difficult to learn new
material once you have learned to think like a scientist. But if you
had not learned to think like a scientist and you have not valued
that whole approach to knowing the world, then those doors are
completely closed to you and you are basically thinking magically
the way a three or four-year-old would even if you are 35 or 50 or
60.
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EIGHTH GRADE EXIT PROJECTS

Mr. BONNER. Well, Dr. Miele, let me mention or ask you to elabo-
rate. You mentioned in your testimony here something about the
eighth grade exit project.

Dr. MIELE. Yes.

Mr. BONNER. My daughter is in the eighth grade. I hope she
exits the eighth grade. Tell me a little bit about what you were
talking about in greater detail.

Dr. MIELE. I believe it was five years ago, we had—New York
City, as you know, is big. You know, we have got a million school
children. Actually, I think it is 1.1 right now. And we had local con-
trol. So every community school district chose its own curriculum,
chose its own assessments. The only commonality was the State
Regents examinations and periodic tests, standardized tests just for
promotion.

But New York City decided that they wanted to do something to
enforce learning in an inquiry way, so they said, okay, we want to
make sure our children can think independently and logically and
the place to look for it is eighth grade on the doorway to high
school.

So they instituted the requirement that every student had to
complete an independent study and it could be in social science or
it could be in natural science. It had to be one or the other, and
it required that they formulate a question and figure out how to
answer it. They could choose to answer it by using literature re-
sources, but they needed to be valid literature resources. They
could not just take the answers from Wikipedia, for instance, and
they needed to document what their sources were and why they
chose them. And they needed to complete usually a tri-fold panel
for the equivalent of a science or social science fair and to defend
their work in front of their peers, teachers, parents, and visitors.

As I said, the first year we really did not know what to look for.
There was no clear criterion for what excellence looked like. But
the city decided to bring together a panel of scientists and social
scientists to provide feedback about what exemplary exit projects
would look like.

And they developed a very extensive rubric to support the stu-
dents and also a multi-step sort of guide to help them figure out
what do I do first, what is a reasonable question to ask, how do
I know it is a good question, what is my first step in finding infor-
mation, where can I go for data if I want to do secondary research
where I am using a data set that someone else has collected, but
I want to ask my own question about it.

For instance, the GLOBE Program provides databases that stu-
dents can access. Maybe they will take some data from GLOBE
and maybe they will collect some of their own data and do a com-
parison.

So these are the kinds of projects that students are doing in New
York, and they cannot get into high school without having thought
for themselves deeply at least once.

Mr. BONNER. Thank you, Mr. Chairman.

Mr. MOLLOHAN. Thank you, Mr. Bonner.

Mr. Serrano.
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Mr. SERRANO. Thank you, Mr. Chairman.
Mr. MOLLOHAN. Who probably knows something about New York
education.

CHARTER SCHOOLS

Mr. SERRANO. A little bit. Thank you again, as Mr. Bonner said,
for leading us out of the box with the first hearing, especially dur-
ing what Washington would consider a blizzard. So it is quite an
accomplishment.

Mr. MOLLOHAN. That is a testament to our witnesses.

Mr. SERRANO. That is right.

Since you have mentioned it, let me just quickly, before I ask a
couple of questions, including one that comes to mind that I did not
have planned, talk a little bit about my background. Prior to my
20 years in Congress, I was Chairman of the Education Committee
of the State Assembly. Prior to that, I was everything within the
school system except a teacher. I was a paraprofessional teacher’s
aide. I was Director of the Title 1 programs at the State Urban
Education Program.

So I have a little bit of a background in that area which leads
me to this question. There is a lot of press, good press for charter
schools. And I may be the only elected official in New York State
that has not signed up making glowing statements about charter
schools.

And while I understand their success and support their success,
my fear continues to be that it is just part of an excuse not to at-
tack problems of the public school system and that charter schools
may become what we, some people who support public education,
have always attacked in the parochial school, in the private school
system, which is you will be able to take the better students, show
better results, and leave behind in public schools those that are
weak, with parents who are not as mobilized as the ones in the
charter schools.

So you see, for instance, in New York City, whether what side
you fall or not, you see the Mayor closing down 19 schools and then
upping the amount of charter schools available in the city. And we
have not figured out yet if that is really a way of just turning your
back on the public schools.

So my question is, have we reached the point, especially in the
inner cities, where it is save yourself if you can and, therefore,
charter schools serve that purpose and do we run the risk of turn-
ing our backs politically and otherwise to the public school system
more than ever so before? What is the future of the public school
system in this country if we continue to grow charter schools, to
both of you?

Dr. HiLL. Well, if I can address that a minute, I think one of the
roles of charter schools now is to be innovative and to test some
things that might not have been able to be instituted in the public
schools, the normal public schools.

I think you raised a big issue and I think this goes back to what
I was saying earlier about the need to think of education as a civil
right. Somehow we have said it is okay for there to be Thomas and
Maggie Walker Schools in Richmond that offer excellent education,
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but they are not for all kids and that it is okay for the kids in the
inner city to just to get by with whatever the basics are.

We need to change that mentality and recognize. I mean, we
need to think of it in terms of our own self interest, that it is not
the other kids, the other people’s kids are the ones that are in-
volved here. This is going to be something that impacts us as a na-
tion and get our self interest involved in seeing schools transformed
in general.

And a lot of times to do that, I mean, Richmond, Virginia is a
good example, I mean, go back to 1954 when the Brown Decision
came, you had the school issues were along racial lines, you know,
in terms of resources. They are separate but equal, so to speak.

Over the years, that what started out as a racial issue, you
know, merged with class and other issues and so now it is a much
more complex problem, but it has its roots back in the days of seg-
regation where it was okay for some kids to get a quality education
and some kids not to get a quality education.

We have to find a way to get beyond that and maybe it takes
shame. You know, we should be ashamed as a country that we
have allowed this to go on for 50 years. And we need to take the
hard fixes and not necessarily the easy fixes.

A lot of times when we find, for example, the minority kids are
not passing a particular test, we attack the test rather than deal-
ing with, well, why are they not passing that test. Why do we not
put the resources in there. And the rural kids, the same issue in
rural communities.

But I think the distrust of charter schools among those of us who
kind of grew up in the civil rights era was a remnant of the time
when public money was going to provide education and private
academies and the inner city kids were being left behind.

But I think we have gotten to the point now where we have to
think outside the box. We have to revolutionize our whole edu-
cational system. The whole model needs to change. I mean, it is
kind of an industrial age model, and we need to have innovation.
We need to have creativity. We need to free up principals and
teachers to try innovations and then use evidence-based practices
wherever we can.

That was kind of a round-about answer.

Dr. MIELE. I have a few things to say about that as well.

I think it is a very sad situation right now that the schools,
many of the schools that are closing have parents that support
them. And this to me is a disconnect. When the parents are in-
volved enough to know what is going on in the school and care
enough to come out and say do not close my school, then it is not
an issue of the parents that do not care. So there is definitely
something going on here.

There are a number of things going on in New York City schools.
For the past, I think it is probably about 15 years, the reading pro-
grams, for instance, have focused entirely on poetry and fiction.
Students are not really learning to read content. This is one of the
reasons they come to middle school unable to read a textbook.

By middle school, as much as I support inquiry education, stu-
dents should be able to read a textbook. By the time they are 13
years old, it should not be too hard for them, but that is the situa-
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tion that we have because the skills they are developing are not
giving them the ability to read content objectively, to read it criti-
cally, to read it deeply, to understand what are the facts, what are
the opinions, what is the evidence that supports these assertions.

There is no system that allows students and parents to really
truthfully say what are the strengths and weaknesses of the school.
They know. My own children went to New York City public schools
and there were good years and there were bad years. And we were
committed to public education and we rode out the bad years and
did what we could to ameliorate what educational weaknesses
there were.

But my husband and I are college educated and we are educators
and we could do that easily. It is, in fact, an equity issue. There
is no way that an immigrant family working two jobs, even if they
love their children and want the best for them and try to help them
with their homework, can provide what college educated Americans
can provide. It is impossible.

So, yes, the issue, I think, is how can we make all public schools
truly provide a quality education for all students and not go
around—and, by the way, the charter schools are inequitable to
teachers as well. They do not pay them as well.

Dr. HiLL. Right.

Dr. MIELE. They will hire people who are not certified and make
use of the fact that they are bright and committed and caring and
willing to share apartments.

So what I would like to see is more money going, as I said ear-
lier, to making sure that there are materials of instruction and
money going directly to the schools for high-quality professional de-
velopment to teach them to teach with the best practices if they are
not yet prepared to do that and something that will hold principals
accountable for best practice in every discipline, not just the one
that they were trained in.

Mr. SERRANO. You know, one of my fears—do I have time, Mr.
Chairman?

Mr. MOLLOHAN. Yes.

Mr. SERRANO. One of my fears is, and I do not know if it is the
same in other districts, I am sure it is if we look closely. I get peo-
ple coming to me, I need a letter of support, I want to open up a
charter school. I do not give those letters of support out. But I say
what do you know about schools. And they are usually very active
community leaders who may be great on some issues, but what do
they know about schools?

But under the charter school system, I can open up a charter
school tomorrow if I get okayed. And if I left Congress, I probably
would be okayed to open up like ten charter schools. Well, I may
have the best intentions at heart and I probably have a little more
background than some other folks, but what qualifies me to open
up a charter school?

Then the argument we hear, which is a solid argument, but I
think it does not speak to this point, is, well, when we had all the
schools run by people college trained and professionally trained to
be teachers, administrators, they did not do the job. So let us try
it now.
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But I see it almost like it has become a business for some people,
the charter school, either a business for the position they hold and
so on. So I am still out there like a sore thumb, you know, standing
out in the community being like the only—I am also the only guy
saying New York should hold those terror trials, but that is me,
you know, I do not always go with the flow, but—so that is a con-
cern.

Now, my last question, which was the one I did have written
down, kind of ties into that when you spoke about the immigrant
parents and so on.

ENGLISH AS A SECOND LANGUAGE

In your studies, Dr. Hill, and I want you to comment on this, too,
the fact that some children have a language other than English at
home and, therefore, may or may not be totally proficient in
English in school, does that add to the mix once again as it sup-
posedly did in the past?

Now, I had people who spoke only Spanish at home and that was
not an issue in the 1950s and in the 1960s. It became an issue in
the 1970s and then it seems to be an issue again. Do you find that
that is an impediment? What is that situation when a child in class
dealing with the sciences now, math and science, with another lan-
guage being spoken at home?

Dr. HiLL. I mean, math and science is hard enough when it is
taught in your native language, you know, much less when it is a
second language. But, yes, certainly that is an issue. I mean, there
are so many kinds of noninstructional issues that come to bear
here.

EFFECTS OF POVERTY ON EDUCATION

I mean, when you look at a school district like Petersburg, again,
how many of those kids come to school with no breakfast, with no
parent, out all night, dealing with maybe a drug addiction in the
household, dealing with parents who are incarcerated? There are so
many issues that are beyond the scope of the teacher, you know,
what the teacher can deal with there.

BUILDING STUDENT SUPPORT

So one of the things that we are doing in Petersburg with this
approach with the algebra project is building community support
mechanisms for the schools because a lot of times, the kids need,
they need good instruction, but they need other things as well.
They need other kinds of social support in addition to instructional
support.

And so having those available to the kids in some kind of system-
atic way is an important thing. Mentoring is important. Having the
kid connected with somebody that they can talk to, whether it is
a college student, whether it is an older high school student for a
middle school kid, but having somebody they can make that con-
nection to that they might not have with family members, and then
counteracting the effect of violence.

I mean, we are looking at some neurological studies now about
the impact on the brain of exposure to violence and it actually, if
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your brain is affected, it is going to impact how well you take in
information. And so having some interventions for those kids who
are the victims of violence both at home and the kind of violence
that they might see in the street or even in the schools in many
cases, so it is like an omnibus of needs that are there that need
to be addressed with these kids.

Mr. SERRANO. Omnibus is a very tough word to use, you know,
before the appropriations committee. It brings pain up our back.

INQUIRY-BASED INSTRUCTION AND ENGLISH SKILLS

Dr. MieLE. The NSF funded SCIS and FOSS curricula had
shown tremendous ability to improve English language learner
scores when they were studied in the 1970s in the LA area. And
from my own experience, many of my students are themselves,
even though they are college students, are English language learn-
ers.

When you are working with the real world and your job is to ob-
serve it objectively, it speaks to you in whatever is your language.
So that is not a barrier; a textbook does not do that. So if your
main source of information about science is a textbook and you are
a fourth-grader from Bangladesh, then you are basically shut out
entirely. But if you are looking at what objects sink and what ob-
jects float and you are measuring their mass and volume for your-
self, then you have learned the material for the day. And you may
not be able to write it down so that your teacher can understand
it, but you have written it down so that you can.

So hands-on science absolutely brings in everyone regardless of
whether they are an English language learner or whether they are
English proficient.

Mr. SERRANO. Thank you.

Thank you, Mr. Chairman.

Mr. MOLLOHAN. Thank you, Jose.

Mr. Ruppersberger.

Mr. RUPPERSBERGER. Well, thank you. I am sorry I was in an-
other hearing. Do I need this? Is it too loud?

Mr. MOLLOHAN. You need to use it.

NATIONAL SECURITY AND PRODUCTION OF STEM PROFESSIONALS

Mr. RUPPERSBERGER. Okay. First thing, let me tell you where I
am coming from with my questioning. I serve on the Intelligence
Committee and Chair the Technical Tactical Committee dealing
with cyber security and a lot of the issues involving science.

One of our concerns from a national security point of view is that
China last year graduated over 660,000 mathematicians, scientists,
and engineers. And I think we, the United States, graduated about
66,000.

Now, the good news, our curriculum still seems to be superior,
but China is gaining very quickly.

Now, in preparing for this hearing and looking at where you are
coming from, both Dr. Hill and Miele—is it Miele?

Dr. MIELE. Miele.
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HOW CAN WE BRING ABOUT CHANGE

Mr. RUPPERSBERGER. Miele, okay. You are emphasizing that we
need to change the way we teach science and I agree with you. You
are advocating for moving away from memorizing facts and figures
and moving towards more hands-on learning and more accurately
learning that engages the student to be more inquisitive. I think
inquisitive is what you were just really talking about.

My issue is why have we not moved more towards the direction
of your philosophy and the STEM schools? Is it lack of resources,
equipment? Is it lack of knowledge on the part of our administra-
tors or people who fund schools which would be elected officials?
And, you know, we need to address that issue first.

And how we do address it, I think we need to educate those deci-
sion makers why science is so important. I will say this. I know
that some of our military academies from the year about 2013 or
whatever will try to have over 70 percent of their graduates having
STEM education because this is where our country is going, not
only just in national security, but just what we do every day.

Dr. MIELE. I mentioned earlier that the problem is the decision
makers. Who are the decision makers? Who is in power to choose
curriculum?

In New York City recently when we sort of centralized the
science curriculum and developed a new city-wide scope and se-
quence, principals were told that they could choose one of two ap-
proaches to elementary school science. They could either choose the
Full Option Science System, the FOSS System, or they could
choose a textbook system with additional hands-on activities sug-
gested at the end of each chapter.

Who actually made the choice in many cases? The principal dele-
gated a teacher who was free that day to go down to a fair and go
eeny, meeny, miney, mo with a little slip that said this is how
much money you have to spend. That is not how you choose cur-
riculum.

If the city really felt that the inquiry-based approach was the
most important one, they should have just funded it. They should
have said this is what we are doing and if you want to do more,
that is fine, but you must put Full Option Science System on your
budget for this year or show how you are doing a full inquiry-based
alternative science curriculum otherwise.

Mr. RUPPERSBERGER. Okay. You know, I think one of the issues
there is it is just not only the school system. I think you have got
to get academia, elected officials, the business community all in-
volved. And that will really help move policy forward.

Dr. HiLL. Yes.

NSA AND STEM EDUCATION

Mr. RUPPERSBERGER. I represent NSA. It is in my district. And
we are trying to develop a STEM program, there are STEM pro-
grams within the State of Maryland, but a STEM program literally
on the campus of NSA and focusing on maybe even late elementary
or early middle school, looking at a regional type project that could
really identify these children who have the aptitude. I think you
have to have certain children who have aptitude in the area of
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math or science or whatever. And one of the things, one of the fo-
cuses is to have it as if it was an internship.

And the culture change of these kids who not only are in a class-
room but then could also maybe, as long as you do not violate the
classified issues, you have these children come to a campus and
they grow. And they have also become really patriotic in the mis-
sion of what an NSA or what a NASA—I mean, we have Goddard
right up the street on 295, but do this all over the country. And,
you know, we can look at certain positive programs. I think there
is a school in Virginia. I know there are a couple schools in Mary-
land, in Anne Arundel County, places like that that are successful,
but it has got to grow nationally.

How would you recommend that we do that?

THE NATIONAL SECURITY PERSPECTIVE

Dr. HiLL. Well, if I could say something from your original state-
ment. I mean, I am glad that you are kind of coming from a na-
tional security perspective because we need to have that same kind
of political will that we have around our national security in the
field of education.

In the 1950s, when we perceived Russia as a threat and the
launch of Sputnik as a threat, we put the resources into science
education and it really paid off. And we need to have that same
kind of resolve again because it is a national security issue.

When you have this large number of under and uneducated peo-
ple, you know, particularly congregating in our inner cities, that is
much more of a threat to our future security than foreign terror-
ists, for example. And if we had the same kind of political will to
find the resources wherever—you know, when we went into Iraq,
we found the resources. We need to do that same kind of thing,
find the resources to transform these inner city school districts.

Mr. RUPPERSBERGER. I am glad you raised the issue of Sputnik
because that was very dangerous to our country and the United
States of America responded by putting a man on the moon within
12 years.

And, you know, if you look at where we were then and where we
are now, it used to be that astronauts were just as popular as NFL
quarterbacks and that is not the case. So it seems there needs to
be, you know, a reinvigoration.

I think part of the policy is that—I think the country is just tired
of us going back and forth to the space station. We need a goal that
the country can get behind and bring excitement to these children.
This is extremely important.

LOCAL SCHOOL DISTRICT ISSUES

But, you know, one thing I, and I know I am probably over my
time, I want to raise this issue, one of the issues that you are going
to find, and I know just when I am trying to work on the STEM
Program in my jurisdiction is still, it is the politics of the different
counties, the different school systems.

If you are going to have a positive STEM Program, you need a
regional program, regional involving other counties, regional in-
volving the cities, whatever, so you can identify it from a regional.
And, yet, it seems that there is so much either litigation or policy
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that it is difficult to get children from one county to another county
and that cooperation. So there has to be some really strong political
will.

Are you seeing that as an issue also, the bureaucracy or stand-
ards within school systems and not wanting to cooperate or have
a regional type program?

Dr. MIELE. I actually wanted to say a couple of things about that.

I actually was privileged in the 1960s to participate in an NSF-
funded internship program at Columbia University. My junior high
school science teacher said you are going to go do this and I do not
care what you want to do on Saturday mornings because you have
got talent in science.

So I went to the Columbia Science Honors Program. I later was
a faculty member there for 16 years teaching students from the re-
gion, a 50-mile radius, but, again, that is one of those things where
NSF type funding works because to transcend the regional political
power, you have to have something that is outside school hours and
funded separately.

THE INNOVATIVE ROLE OF JUNIOR FACULTY

There is another issue with the success of that kind of project
and that is that junior faculty, the ones who are most likely to par-
ticipate in innovative programs, such as bringing a high school stu-
dent into their lab, are the ones who are the most at risk of not
getting tenure. They need to focus on their research. Risking hav-
ing a high school student in the lab means their research is going
to go slower and perhaps maybe even suffer a little mishap because
you do not have a graduate student. You have a kid taking atten-
tion away from your very important research.

So there has to be some way to protect junior faculty who are
willing to invest in our young people and willing to mentor them.
And right now that is not the case. I see again and again junior
faculty who are willing to work with young people and to pay at-
tention to science education and to work hard on their under-
graduate classes to be the best teachers they can, to use innovative
instruction. Those people do not necessarily get tenure because
they are distracted. They are distracted.

I also want to point out that we need a scientifically literate gen-
eral population in order to make the proper choices for our future.
So we do need those people who are going to be scientists, but ev-
erybody has got to understand the value of science and evidence-
based decisionmaking. Otherwise, we are going to be in big trouble.

Mr. RUPPERSBERGER. I do not disagree, but we have to really
focus on STEM too.

I know I am over my time. Can I ask one more?

Mr. MOLLOHAN. Yes.

TEACHING INSTEAD OF RETIRING

Mr. RUPPERSBERGER. Okay. Another issue I think, and you
raised the issue with me, is the instructors, the teachers. We have
a baby boomer generation now that is a lot healthier, they are
working longer, whatever, a lot of retired scientists, rocket sci-
entists, engineers, whatever. And, yet, in order—and who probably
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can come back and help teach and teach hands on the way it is in
the real world, not just from an academic point of view.

And, yet, because of the rules and regulations and because of
teachers’ unions and all the issues that we deal with, it sometimes
is very difficult to get those individuals within a system or because
the school system will say, well, you are not authorized, you know,
you are not certified, you do not have your master’s degree and this
or whatever.

And it seems to me that if this system is going to work and we
have those resources out there, we have to find a way to develop
a STEM Program that will be the best it can be and we have to
have some flexibility as we relate to our contracts with our teach-
ers and whatever.

And I am not saying, you know, we do away with teachers’
unions or anything of that nature. I am saying as it relates to
STEM, you have to develop curriculum that is going to work. And
it is just a shame that we have a lot of qualified people that can
come back and help teach what we need to do in STEM and make
it exciting because a lot of these individuals are former people who
worked at NSA who worked on space programs and might have an-
other ten years.

So if you have any idea on that, that is something we have to
work on also.

Dr. MieLE. I will tell you I myself am not a New York State cer-
tified teacher. I have a Ph.D. in molecular biology.

Mr. RUPPERSBERGER. Did you hear that?

Dr. MIELE. I am not a certified teacher. If I wanted to teach

Mr. SERRANO. Neither am 1.

Dr. MIELE [continuing]. I would actually have to go back to
school and get 18 credits in education even though I have taught
those classes.

Mr. RUPPERSBERGER. Uh-huh.

Dr. MIELE. So I agree. But I must also say that I know full well
that I was not prepared with my Ph.D. to walk into a high school
classroom and teach. I was not. I needed to learn quite a bit about
how young people learn. And I was——

Mr. RUPPERSBERGER. I agree.

Dr. MIELE [continuing]. Very, very fortunate to do that sort of in
my own laboratory because as a faculty member in the Science
Honors Program, I actually taught high school age students and I
figured out for myself what worked and what did not. I was sur-
prised to learn that it was completely congruent with the National
Science Education Standards. When I read them, I went, oh, I
could have written this. I figured it out by trial and error.

But, again, I think that we need these alternative pathways for
current Ph.D. and master’s holders. They do need to spend some
time learning about——

Mr. RUPPERSBERGER. I agree with you. And you do need stand-
ards. You always need the education standards. And I am not say-
ing it is a hundred percent. I am just saying there is a group out
there, that we have to find a way. We find it in other areas. We
have people who come back who are retired military and they are
back working government, whatever. We need to focus on that,
though.
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And with the partnership between the teachers and the school
administrators and these individuals, we should be able to help
them train them and work as a team together.

Dr. MIELE. It is a priority.

Mr. RUPPERSBERGER. Thank you for your comments.

I am sorry. I have to go back to Intelligence and the no window—
well, we do not have windows here either.

Mr. MOLLOHAN. And we are pretty intelligent here. We have got
all these educators.

Mr. SERRANO. I agree with you. It is pretty intelligent.

Mr. MOLLOHAN. Yes.

Dr. HiLL. And I hope you will continue that idea of regionalism
because I think that has a big impact in most

Mr. RUPPERSBERGER. And it gives you strength.

Dr. HiLL. Yes.

Mr. RUPPERSBERGER. I mean, it is the only way to go, no ques-
tion.

Dr. HiLL. And you get away from, you know, it is okay for those
kids over there not to have, you know, as long as my kids are okay,
you know, that is the mentality.

SKILLS TRAINING VERSUS INQUIRY

Mr. MOLLOHAN. Let me go back to this and let both of you talk
a little more about skills training versus inquiry. And you used
that word skills when you were talking about reading and saying
that, you know, that inquiry is great and wonderful, but kids need
to be able to read when they get to, and need to have skills to read.

And, Dr. Hill, you also alluded to that and I am not sure where
I wrote it down. But just talk to us about the—Dr. Miele, you begin
and then Dr. Hill. You need skills and inquiry is in your judgment
essential if we are really going to develop the potential and have
the result that we—in terms of numbers and quality of youngsters
coming into math and science and just the general population being
literate in that. So if you would talk about the balance that exists
there and how to achieve it.

Dr. MIELE. I think that in the 1970s, there was a tendency to
throw the baby out with the bath water. And in the interest of de-
veloping inquiry skills, there was less focus on content. It is not a
true dichotomy. The best way to learn science is to learn the con-
tent that the scientific community agrees is foundational to
progress as a practitioner and the processes that those scientists
use.

INQUIRY SKILLS

So what are the skills? What is inquiry? Inquiry means applying
the basic science skills. The first skill is observation, looking at the
world objectively, knowing the difference between what everyone
would agree is happening and what you think about it. I may see
a flower opening up and think, ah, how beautiful. But as a sci-
entist, what I have to look at is, well, how did the petals separate
and what is the position of the pistils and the stamens. Does the
pollen mature at the same rate as the ovary? And I need to know
these terms in order to discuss it with someone else who is a bota-
nist.



40

So there is language and vocabulary that is unique to every sci-
entific discipline. As a biologist, I do not speak physics. I am not
at all versed in geology. I am learning because I try to talk to my
colleagues and develop that common vocabulary. But one of the
first things you learn when you are a specialist in one area and you
talked with specialists in another area is that you use the same
words and you mean different things.

So in order for a student to become truly proficient to enter a
STEM profession, by the time they are finished with high school,
they have to know how to look at things objectively. They have to
know how to measure things and what kind of measurement is ap-
propriate to the task. They have to know how to collect and orga-
nize data. They have to know how to analyze that data and what
the appropriate tools are to analyze any given kind of data. Is it
qualitative? Is it quantitative? Is it some combination of the two?

They have to understand the language of their discipline and be
able to speak it. Well, that takes a long time. And how are we
going to do it? We are going to do it by starting with kinder-
gartners, maybe even pre-K. In pre-K, we develop basic language.
What do you call something? How do you describe it? What does
it do? That is, you know, it is nouns, it is adverbs, it is adjectives,
it is verbs.

Mr. MOLLOHAN. So that is skill training?

Dr. MIELE. This is skill training.

Mr. MoOLLOHAN. Okay.

Dr. MIELE. As a scientist, you are learning. As a scientist who
is five and looking at a cloud, it is a very different person than a
NASA or NOAA meteorologist looking at a cloud or an astronaut
who might be looking from different perspectives.

That five-year-old is thinking that fluffy white thing looks like
milk or cotton candy. Well, do you think it might be cotton? Well,
if I am thinking magically, yes. But if I am thinking about some-
body who threw cotton up in the air and it always came down,
then, no.

So how do you decide which kind of thinking you are going to use
when you look at something? How do you develop the basic skills
of common sense looking at patterns of nature that a scientist uses
as opposed to the skills that you would be using as a poet or an
artist?

You need to practice and sometimes you practice looking at
things as an artist and sometimes as a poet, sometimes as an ob-
jective writer and sometimes as an analyst. When you are looking
at nature as an analyst, you are applying science process skills.

Mr. MOLLOHAN. How do you teach it?

Dr. MIELE. One step at a time. You start with observation. You
start with recording what you observe, learning to develop lan-
guage. Just describe this rock, describe it well enough so that your
rock can be separated from everybody else in the class’s rock. Even
a group of apples. Can you describe your apple so well that when
we pile it back up on the table with all the apples we picked——

Mr. MOLLOHAN. Yes.

Dr. MIELE [continuing]. In our class, you get the right one? And
maybe that means I have to not only be very detailed, but maybe
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I have to start doing things like measuring and I have to measure
accurately. Accuracy becomes important.

Mr. MOLLOHAN. So your:

Dr. MIELE. So one step at a time.

Mr. MoOLLOHAN. That is an integration of skills learning within
inquiry learning?

Dr. MIELE. Absolutely. So you do these things and you are inte-
grating mathematics at every step of the way.

Mr. MOLLOHAN. Let me ask you, Doctor. I now remember how I
would like to introduce you to this question. Robert P. Moses has
written Radical Equations: Civil Rights for Mississippi to the Alge-
bra Project. And I understand that this is a project that is also in
Petersburg.

Dr. HiLL. Yes.

Mr. MOLLOHAN. Is that correct?

Dr. HILL. Yes.

Mr. MoLLOHAN. Well, that would suggest that learning the skill
of algebra is fundamental to creating this infrastructure, if you
will, intellectual infrastructure for moving to inquiry-based learn-
ing.

I am just curious. How do you teach——

Dr. HiLL. And both. I mean——

121/11‘. MOLLOHAN [continuing]. The fundamentals of algebra
and——

BUILDING A COGNITIVE NETWORK

Dr. HiLL. But one thing that the inquiry-based learning does is
building these cognitive skills. You know, it is like building this
network of associations. And that is basically how you learn. You
make new associations and you put them into your network of pre-
viously existing associations and your network expands. So every
time you learn a new fact, your network has to accommodate that
fact.

And so if you have an impoverished network, it is difficult for
new facts coming at you to stick. And just getting new facts does
not do anything for your network. You have to engage with the ma-
terial in some kind of way. You have to use this inquiry-based proc-
essing or you are using different modalities that make these asso-
ciations that then lead you to be able to hold on to the facts.

And so if you just have a fact-based approach, and we see this
with kids all the time, they get these facts thrown at them, they
are isolated, they do not see any connection between them. If they
learn them at all, they are just memorizing them in separate kinds
of ways. And they do not retain it. You know, they might take a
class, have a hundred different facts, and one year later, they have
forgotten all of them because they never were integrated into this
underlying cognitive structure.

So the approach that the algebra project takes and the things
that we are doing with this cognitive training are trying to develop
the structure and then connect the information to the structure
and to the processing that is going on, too, because both of those
things are important.

And, yes, the algebra project in particular is very good at taking
abstract concepts from mathematics and connecting them to the ev-
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eryday experience of the kids so that they are making these asso-
ciations, they are making these connections. And these are not just
isolated facts or facts that are so abstract they have no connection
with them at all.

STUDENT MATH ACHIEVEMENT EVALUATION

Mr. MOLLOHAN. Is student math achievement being evaluated
and do you see any problems with the evaluation instruments in
general use today? You spoke to that a little bit. If you would——

Dr. HiLL. Yes. I mean, we are basically, because in order to get
cooperation from the school districts, we have to tell them this is
going to impact your standardized test performance because that is
all they are concerned about. And so we are using those actual
standardized tests to see what kind of change we get in the per-
formance of these kids after a year. But it is a flawed instrument
and there are some instruments out there that would be better at
capturing that process that is going on as you are using inquiry-
based education and developing these cognitive skills.

TESTING INQUIRY SKILLS

Mr. MOLLOHAN. And that is what you, Dr. Miele, were speaking
about when you said that the testing needs to be testing that cap-
tures the inquiry-based learning skills?

Dr. MieLE. Exactly. The testing needs to see if the students have
the skills, not just the content knowledge, not just facts that they
recognize, which is the lowest level.

In the scientific community and science education community, we
refer to getting knowledge like this as constructivism. You are basi-
cally building a house, building a structure of knowledge that in-
cludes facts, but the facts are the lowest level. It is the theories
that you want to get to and it is the processes that allow you to
build those theories.

Mr. MOLLOHAN. How do you test inquiry learning?

Dr. MIELE. Well, one of the things that you can do, I actually
wanted to talk a little bit about one test that I rather like, the New
York State Earth Science Regents examination that many people
feel is sort of a flawed instrument because it does not test enough
memorization. I think that is ironic because we are so used to
memorization being the paradigm that when it is not the paradigm,
we reject it.

This New York State exam requires students to read a question,
recognize what the question is asking, which means that they have
to have the vocabulary to know what the question is about. Then
they have to go to the back of the exam where there are reference
tables, find the appropriate reference table, find the appropriate
data from the reference table, perhaps do a minor algebraic manip-
ulation of it to find the right answer, and then answer a multiple
choice test.

You have the efficacy, the very quick and easy method of evalua-
tion of scanning a multiple choice test, but it is a multi-step proc-
ess. So it is actually looking at what the student can do, not just
what the student can recognize.

So it is actually possible to make a standardized test, a simple
kind of familiar standardized test that can break out these things.



43

You can also have a test that asks the student to look at something
and say, well, what does that measure, what is the appropriate
measurement there. So it is a proxy for a hands-on measurement
assessment.

There are a number of ways that you can create situations in a
test which will look at process. Can you group things appro-
priately? Can you look at a chart or a table and collect the right
data from it to get the correct answer?

Dr. HiLL. Yes. And even with a standardized test, depending on
how the questions are framed, you can even get higher level
thought process involved in a multiple choice test if it is not just
simply recognition memory. You know, you are just recognizing the
right answer. But if you have to do some kind of processing to dis-
tinguish between the alternatives——

Dr. MIELE. So I think what we need is developmental and cog-
nitive scientists helping us in test design. Traditionally, these tests
are designed by practitioners of K to 12 education coming together
as a group and deciding by consensus what a good question is, but
we need this higher level of awareness so that we can make sure
that we are looking at a higher order of thinking in these exams.

TEST SCORES AND SCIENCE INTEREST

Mr. MoLLOHAN. Dr. Hill, are you finding a correlation between
student scores on State standardized tests and their students’ in-
terest in achievement in science?

Dr. HiLL. No, not at the moment, and mainly because those State
tests are just minimum standards. They are not really geared to-
ward assessing the person’s creativity or their inquiry skills or any
of that. So it is almost like minimum literacy in these various
areas. So, they are not good predictors of who would go on to a ca-
reer in STEM or in any other area that I know of.

Dr. MiELE. We have found similar findings with our Brooklyn
outreach for science and careers. We basically do not have enough
science majors at Brooklyn College. They all want to be economics
majors, education majors, or pre-med because they want to make
money.

Our students are by and large first generation students to go to
college and their going to college is their ticket to American suc-
cess. But they do not know that you can be successful as a sci-
entist, so that is a major problem. We have a disconnect between
what students think you need to do to be financially successful and
the various paths to success.

We have been able to break that by exposing students to career
opportunities, but again, that is a band-aid approach for our par-
ticular little pocket of students. We really need some kind of broad-
er systemic way of making clear to students that science is some-
thing that is fun to do that you can be somewhat autonomous,
independent. You can do something different every day. You can
make a contribution and you can feed your family and buy a house.

ARE IMPROVEMENTS READY FOR BROAD IMPLEMENTATION?

Mr. MOLLOHAN. Are the improvements that you described ready
to be spread to more schools and school systems, and we spoke of
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this a little bit, but let me give you an opportunity to answer spe-
cifically, and what do we need to do so? Dr. Hill?

Dr. HiLL. Yes. There are certainly a lot of evidence-based prac-
tices out there that are ready to go. It would take political will. It
would take an independent principal or some other administrator
who is willing to implement these things and not worry about the
immediate consequences to their SOL test performance or whatever
the standards they are using.

So, yes, they are ready to go. We just need to create a climate
in which that could be implemented on a widespread basis.

Mr. MOLLOHAN. Can you cite specific examples of models where
this turnaround has occurred based upon inquiry-based learning?

Dr. HiLL. Well, Petersburg is a good example. As I mentioned,
over the last three years, we have seen their test scores go up. We
have seen the engagement of the students go up. You know, we are
in the middle of a three-year project. We will have a lot more data
in a year-and-a-half from now. But all the trends are in the right
direction, and we are excited about the possibilities. And a place
like Petersburg is small enough to be kind of like a little labora-
tory.

Mr. MOLLOHAN. Are you working in the middle schools?

Dr. HiLL. Primarily the middle schools and the high schools, yes.

Mr. MOLLOHAN. And what has been the story with regard to
scores——

Dr. HiLL. Well

Mr. MOLLOHAN [continuing]. In middle schools?

Dr. HILL [continuing]. I think I shared with you——

Mr. MoLLOHAN. Well, share it with me again.

Dr. HILL [continuing]. Some of that data. The middle school that
we are working with in 2007 had an average SOL score of 39.7 and
the passing score is 70. And this year, their average SOL score in
math was 88.86. So there has been more than a twofold increase
in three years in their math scores in that middle school and simi-
larly in the high school.

And, again, we have had kind of a three-pronged approach. We
have had the approach of cognitive education. We have had an ap-
proach of the algebra project, pedagogy, and community organiza-
tion and involvement. And I think it takes that kind of multi-
faceted approach to really make a difference.

Mr. MOLLOHAN. Are other schools in Virginia coming down and
seeing what you are doing and saying we would like to replicate
this?

Dr. HiLL. Not yet. We are trying to get the word out and hope-
fully we will. I mean, my appearance here was the result of an ap-
pearance on NPR, so maybe the word is starting to spread.

Mr. MOLLOHAN. Are you working with any kind of innovative
programs or organizations like the Darden School at University of
Virginia or any of those?

Dr. HiLL. No. Right now we are only working with two outside
organizations other than Virginia State University and that is the
Algebra Project, Incorporated and Learning RX which is the cog-
nitive training organization.
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TEACHER-STUDENT RAPPORT

Dr. MIELE. You know, I want to just mention something else.
One of the problems that we have with middle school and high
school is it is the opposite of the problem we have with the elemen-
tary school system. There you had specialists. The people who iden-
tified themselves as scientists or mathematicians fairly early on
chose higher education in that area and as a result are not always
aware of the struggles of the average student when confronting
these subjects.

So we very often have a disconnect between the math teacher or
the science teacher and their students because the math teacher
says, well, you know, math is cool, it is great, and they have not
figured out how to convince their students that that is true.

We have the same problem with our science teachers. And,
again, because our science teachers traditionally go through a more
formal kind of education in higher ed, they have not had any in-
quiry instruction in their college experiences, they are not really
prepared to teach inquiry and they are not committed to it as an
approach to instruction.

So we really need that change at the middle school and high
school level as well. Middle school gives us some opportunity be-
cause we have, many teachers who are moving up from elementary
school who are elementary school science specialists who really got
so excited by it that they wanted to teach it at a higher level. And
they have been able to bring a great sort of elementary school ap-
proach to middle school, but with more content understanding.

Dr. HiLL. Yes

IMPROVING HIGHER ED

Dr. MIELE. I think that we need to get our college teachers also
encouraging our undergraduates to think about how the discipline
evolved and how we know what we know and what you need to do
to get to the next step because myself as a graduate student, it was
only my last year at college that I was introduced to how we know
what we know. And that was just a short step. Then I had to start
glguring out new knowledge myself the next year as a graduate stu-

ent.

So we need some changes in higher ed as well and that, I think,
will allow more people to stay in STEM who think that they might.
We are losing way too many potential science and math majors in
their freshman year.

Dr. HiLL. We are working with our math ed people at Virginia
State in particular to try to put some of this innovative pedagogy
into their content for teaching math teachers. So that is an issue.

And I have also found even at the middle and high school level
that often the math and science teachers, let me think of the chari-
table way to say this, they are not able to do much more than proc-
ess facts either. I mean, they are not very inquiry based in their
background.

Mr. MOLLOHAN. Did not learn the approach?

Dr. HiLL. They did not learn it that way.

Dr. MIELE. They did not learn it that way.

Dr. HiLL. Yes.
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Dr. MIELE. They are good memorizers.

Dr. HiLL. Yes. Particularly in math, I mean, they can plug in a
formula, but they are not able to conceptualize the connections and
what this formula is actually saying in terms of the real world.

Mr. MOLLOHAN. Can teachers be retaught? Can they be reori-
ented? Can they be retrained?

Dr. HiLL. Yes. And that is what we are doing with this algebra
project approach. We are mainly focusing on the teachers and their
pedagogical skills.

Dr. MIELE. Sixty hours of professional development that actually
is inquiry based, actually is active learning.

Mr. MOLLOHAN. I am sorry. Say that again.

Dr. MIELE. Sixty hours seems to be the minimum for trans-
formation.

Mg' MoLLOHAN. You said that before. To re-educate and to edu-
cate?

Dr. MIELE. Yes.

Mr. MoLLOHAN. We are coming to a close. I would like to give
you all an opportunity for any final thoughts that you would like
to put on the record for the Committee.

Dr. Miele, why don’t you go first?

Dr. MiELE. I think I would like to take this opportunity to speak
again about the issue of the support for college faculty to make
sure that these transformations can happen.

In order for us to have the most robust STEM practitioners at
the highest level, we need the best instruction at the college level
and we need to make sure that junior faculty who embrace inquiry
do not get pushed out by senior faculty who are threatened by it
or do not see its value.

I do not know what you can do to protect them, but it is an im-
portant issue.

EDUCATION REQUIREMENTS IN SCIENCE GRANTS

Mr. MOLLOHAN. Well, why don’t you help us? We fund NOAA
and NASA, NSF. We do not fund the Department of Education. But
in those accounts, how do you think that we could help——

Dr. MIELE. Traditionally——

Mr. MOLLOHAN [continuing]. Within that area?

Dr. MIELE [continuing]. As I understand the—I have been out of
the pure science grants area for 20 years myself having recreated
myself as a science educator, but pure science grants have a small
requirement that there be an educational component.

If that could somehow be made a little bit more robust, a higher
amount of the score for the grant actually count for meaningful in-
clusion of inquiry learning or the quality of their instruction in
their undergraduate class work, how will this research transform
their undergraduate class work, that way, it would be a science
grant, so it would count for promotion and tenure, but it would ac-
tually have some meaningful impact on undergraduate instruction.

Mr. MoLLOHAN. Well, we will ask our NSF friends when they
come to testify about that.

Doctor.

Dr. HiLL. I would piggyback on what Dr. Miele just said. The
grants process, as I mentioned earlier, is kind of stacked against



47

young faculty members, particularly at teaching institutions. If
there are some ways that NSF could come up with some more cre-
ative— I mean, they do a lot. I do not want to complain about NSF
because they have a tremendous amount of science education fund-
ed programs.

But if we could just add another more innovative funding mecha-
nism of, say, a research initiation grant that could be given to a
new faculty member. I mean, the way it is now the grants are, the
proposals are evaluated by, you know, peers in the field and so
they are looking at credentials, they are looking at publication
record, they are looking at what else they have done.

And so if we want to get to where particularly the minority kids
are, which are HBCUs, we need to have some more open kinds of
innovative funding mechanisms that allow these faculty members
to develop their program of research. And by necessity, the people
they would be working with would be minority STEM majors.

So I guess this would be under the term of research initiation
grants. If there could be more research initiation grant funding at
places like NSF, it would be very helpful in this area.

Mr. MoLLOHAN. Could be more research initiation grants?

Dr. HiLL. Yes, to allow the researchers where

Dr. MIELE. Research one institutions.

Dr. HiLL. Exactly. Since I guess—and not just HBCUs but Brook-
Iyn College and—

Dr. MIELE. Yes. Places that are research one are going to have
a higher opportunity to get funding for their junior faculty to do
pure research. Those of us who are at institutions where research
is not the high priority, but education is, our junior faculty are at
something of a disadvantage.

Mr. MOLLOHAN. In the NSF grant process?

Dr. MIELE. The NSF grant process, yes.

Dr. HiLL. NIH, you know, all the funding mechanisms.

Mr. MOLLOHAN. And so what good do we achieve if we address
that problem at the——

Dr. HiLL. Well, for one thing, you are kind of bringing together
research and education because these are the places where the edu-
cation is going on, where the teacher education is going on.

Mr. MOLLOHAN. But they are not the places that generally have
favorable responses from NSF for grant——

Dr. HiLL. Yes.

Mr. MOLLOHAN [continuing]. In response to grant——

Dr. HiLL. Exactly.

Mr. MOLLOHAN [continuing]. Solicitation?

Dr. HiLL. Yes.

b Mr. MOLLOHAN. And so to fix that, it should be fashioned to
ias

Dr. HiLL. And, again, NSF does a good job.

Mr. MOLLOHAN. No, no, no. We are not bashing NSF.

Dr. HiLL. Yes. Another track would be good.

Dr. MIELE. Integrates research and instruction——

Dr. HiLL. Yes.

Dr. MIELE [continuing]. That would be targeted for nonresearch
institutions. So the goal is to bring young people into the research
paradigm.
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Dr. HiLL. Because NSF has some programmatic kinds of grants
for things, places like HBCUs. They do not have the research dol-
lars targeted for kind of start-up type research careers. And that
is the kind of thing that we need.

Mr. MOLLOHAN. Okay. I am going to ask you all for the record,
this is my 28th year and I think 20 probably—anyway, long enough
on this Committee and I believe every hearing that I have sat with
NSF, this question of youngsters in America falling behind by all
kinds of measurements, youngsters around the world with regard
to math and science education has always been a part of the pres-
entation.

And, okay, well, what are we going to do about that or are we
just being scared so we will fund more for NSF? What is going on
here? After 25 years, there ought to be some really concrete ap-
proaches to dealing with the issue, number one. And then there
ought to be some desired results coming out of it, number two.

And during that period, not being an expert in the area, but the
concrete proposals and the desired results have eluded us, I think.
And so I think it is fair to take the kind of testimony you are giv-
ing us and ask NSF, look, let us get down to brass tacks here. How
do we actually achieve those desired results?

And so I would like to ask you to in writing, if you would, and
you have been so forthcoming here to begin with in your testimony
and your attendance, but to address that question.

We fund NSF. We do not fund the Department of Education. But
NSF obviously plays an important role here, particularly at the re-
search level. So how do we work with NSF through the appropria-
tions process to help facilitate the desired results that everybody
wants as an outcome?

[CLERK’S NOTE.—The written material follows:]
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Follow-up Comments

Oliver W. Hill, Jr., Ph.D.
Professor and Chair,
Department of Psychology
Virginia State University
Petersburg, Virginia

I would have three suggestions on how funding could be directed to produce a
greater impact on the actual performance of students in STEM classes:

1. There have been a number of researched-based best practices that have been
identified in the research literature for the past few decades (such as
cognitive training in my own research), yet many of these practices have not
been widely implemented. There are many factors contributing to this, such
as bureaucratic inertia, pressure to cover existing curricular topics, pressure
to prepare for standardized tests, and general resistance to change. To
overcome this, the committee could directly fund demonstration projects in
school districts willing to institute the new pedagogy/content district wide.
To qualify for the funds, the school district would have to demonstrate
complete buy-in at all levels: school board, administration, and teachers.
Such a large demonstration project in a “real-world” setting could have a
great impact on a wider dissemination of these methods.

2. Provide funds through agencies such as NSF for research at non-research 1
institutions, such as HBCU’s and teacher colleges. Funding in the form of
research initiation grants could help faculty members who are burdened with
heavy teaching loads to develop programs of research in the area of STEM
education. The advantage is that these kinds of institutions are the ones that
produce the science and math-ed graduates who will become the next
generation of teachers. HBCU’s produce disproportionally higher numbers
of minority graduates in STEM fields, and research by faculty members at
these institutions would be better situated to study barriers to minorities in
pursuing STEM careers.
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3. There needs to be a recognition that the problems of STEM education in this
country goes beyond the STEM classroom. More research is needed on the
impact of language arts on STEM performance. There also needs to be a
recognition that the problem goes beyond the schools. Students in many
inner city and rural school districts experience a high number of family and
community issues that impact their performance in school. Community
organizing is often needed around low-performing schools to provide needed
non-academic services which can improve student performance in schools.
One of the ways this is happening is through “K-16” partnerships between
school districts and local colleges and universities. Funding mechanisms
should be in place to support these efforts, particularly with two-year
institutions.

Thank you for this opportunity to make additional comments.
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Recommendations to better get inquiry-based instruction supported through NSF funding:

Provide funding to improve state science testing so it will be informed by cognitive science, and higher
order thinking skills gained through inquiry leaming are properly valued and evaluated.

Continue to provide incentives for development and implementation of inquiry-based courses at
undergraduate institutions from community college to research 1 institutions.

The 1999 NAP publication of Bransford et al.'s How People Learn: Brain, Mind, Experience and
School and Donovan et al.'s How People Learn: Bridging Research and Practice, widened the dialogue
on the science of learning to reach college facuity. Nonetheless, most college science faculty remain
unaware of the contribution that cognitive science has made to developing instructional approaches that
work. Many, if not most, still question the new focus on assessment. The evaluation of faculty
performance based on what students have learned rather than what was taught remains a foreign
concept in many biology, chemistry, geology and physics departments. There is an aphorism in
education circles that states that teachers teach as they have been taught. Science faculty members who
have the been taught using inquiry-based instructional techniques including Problem-based Learning,
are more open to using these techniques, but may be daunted by the reaction of more senior faculty
who will ultimately vote on their tenure. I suggest several practical measures that may help.

. We need not reinvent the wheel. To induct more junior faculty into using inquiry-based
instruction, use what works. Provide incentives for recipients of R&RA grants to attend Project
Kaleidoscope (PKAL) meetings, On the Cutting Edge Geoscience Faculty Development Workshops
(open to all disciplines,) meetings of the National Science Teachers Association (NSTA), NSF
Chatauqua short courses, AAAS and other proven faculty development institutes. This will provide
mentors, networking and practical ideas and resources for using inquiry-based instruction in their own
classrooms. The faculty should be compensated for their time as well as their travel if these occur
outside contractual teaching times.

. American Physics Association (APA), and American Chemical Society (ACS) also offer
workshops on curriculum as well as research. Provide incentives to attend these workshops.

. Consider an RFP for an On the Cutting Edge type faculty development project in other
disciplines.
. Some R&RA funding can be reserved to support up to an extra 3 months of faculty salary for

development and teaching of college freshman and sophomore science and engineering courses,
particularly for STEM majors, that use inquiry in a significant way to those willing to participate in the
above mentioned faculty development OR who have already done so.

. Provide incentives (higher grant limits?) for recipients of EHR institutional grants who
demonstrate that inquiry-based teaching and higher order assessment are valued in the tenure and
promotion process of research faculty in the natural sciences.

. Physical constraints limit the participation in inquiry learning on many campuses with willing
faculty. Encourage applicants to consider requesting hard costs to upgrade classrooms or laboratories
to support inquiry learning as part of research grants. Allow such costs for EHR grants.

Respectfully submitted:

Eleanor Miele, Ph.D.
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Dr. MIELE. One of the things that I discovered in working with
the Museum of Natural History and the zoo is that there is no NSF
funding for formal partnerships with informal science institutions.

In other words, for a school district to say during school hours
we want these informal institutions to help us with our State man-
dated core curriculum instruction, it is only for after school and en-
richment. Well, here is this wonderful resource that can expose
young people to career opportunities in the sciences and, you know,
all of our major cities have them and many of our college campuses
have institutions associated with them that can fill this role. Even
the Boy Scouts, the Girl Scouts, Explorer Scouts, institutions like
that that have a strong natural knowledge mandate——

Mr. MOLLOHAN. Well——

Dr. MIELE [continuing]. Can help with this.

Mr. MOLLOHAN [continuing]. Maybe the people who——

Dr. MIELE. That is a new area that is not funded right now.

Mr. MOLLOHAN. Yes. Maybe the peers that review, and I am not
interrupting, I want you to hold your thought and I have trouble
holding mine, so let me say it, maybe the peers who review these
applications do not appreciate that the importance of those part-
nerships and

Dr. MIELE. It is actually in the guidelines that you cannot do it
for a formal partnership. It is only for enrichment and outside
school hours. So

Mr. MoLLOHAN. Okay. I do not know exactly what that means,
but I am going to ask you to put that in your written——

Dr. MIELE. Okay. And one thing I wanted to mention is that
when we judge ourselves against the international standards, re-
member that places like China and Russia do not give their young
children who have talent in math and science the choice of what
to do with their lives. They are funneled into math, science inten-
sive instruction from the time they are 12 years old. They are
begun on college level course work much earlier than our students
and part of that is because they are not given the chance to, you
know, to be Shakespeare.

So they get what they are putting in. They are creating scientists
and mathematicians for its political and social construction. And it
makes sense for a building economy to force their students perhaps
into

Mr. MOLLOHAN. They are pushing and we are trying to pull.

Dr. MIELE. Exactly. Exactly. We are trying to, you know, cajole,
coax, and we are not doing it very effectively.

As I say, I myself left a career in science because it was not sup-
ported, frankly. It was a difficult, very difficult life writing grants,
hoping you will get them, exposing yourself to all kinds of dangers
for the benefit of mankind and not—frankly, I did not make enough
money as a young scientist to pay for my kids’ childcare and my
extra travel.

Mr. MOLLOHAN. It is a dangerous world out there no matter
what profession you are in.

Dr. Hill, final thoughts? You do not have to.

Dr. HiLL. Yes. I mean, I think most of the things have been said
already. Anything you all can do that will bring more funding in
this area, I think, is great.
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And I think again if you look at our political will as a nation,
we have not had science as a priority and our funding has reflected
that. And so anything you can do that would kind of get the word
out that we need to make this a priority, I think it is important.

Mr. MoLLOHAN. Well, funding is going to be scarce which makes
your thoughts about this more important so we can focus scarce re-
sources. And we so very much appreciate your appearance here
today. I thought it was an outstanding hearing, and we look for-
gard to your written statements and any other thoughts that you

ave.

I know you are working closely with our excellent staff which we
appreciate your having done in preparation for this hearing. I no-
tice with your eyebrows, you recognized I am right about——

Dr. HiLL. Yes.

Mr. MoLLOHAN. Thank you for your testimony here this morning.

Dr. HiLL. Thank you.

Dr. MIELE. Thank you.
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Mr. MOLLOHAN. The hearing will come to order. Thank you all
for being here today. And we are starting a few minutes late.

We ordinarily would not start without the Minority representa-
tive, but Mr. Wolf is running a little late, and it is fine with him
if we start. So we are going to start.

Welcome. Good morning to the second hearing of the Commerce,
Justice, Science Subcommittee on Science, Technology, Engineer-
ing, and Mathematics, STEM, Education.

In testimony yesterday, we heard about two examples of STEM
education activities and today we will hear two more. We also
learned that development precursors do not always resemble the
skill to which they are leading and how the environment around
schools can be effectively used in inquiry-based education.

Did you not catch that? Yesterday we learned that development
precursors do not always resemble the skill to which they are lead-
ing and how the—to which they are leading and then we also
learned how the environment around schools can be effectively
used in inquiry-based education. I will let you think about that.

Testimony helped us become aware of the challenges to trans-
forming science education and including student activities such as
devising original experiments, observing the natural world, using
math and reasoning with data.

Today we will hear from witnesses recommended to us by NSF
and NOAA as outstanding recipients of federal education funding
provided through our appropriations. These witnesses are Mr.
Craig Strang from the Lawrence Hall of Science at the University
of California, Berkeley, and Dr. Julie Luft of Arizona State Univer-
sity.

Mr. Strang has pioneered the development of materials that help
enable inquiry in STEM education. Dr. Luft has been both a middle
and high school teacher and an educator of secondary school
science teachers. Dr. Luft is currently the Director of Research for
the National Science Teachers Association.

And thank you both for coming, being here today. Your written
statements will be made a part of the record and then we would
invite you to present your oral testimony and then we will follow
with questions.

Dr. Luft, why don’t you begin?

(55)
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Dr. LUurT. Chairman Mollohan, thank you today for inviting me
here. I am honored to be here to talk about inquiry-based science
teacher education.

As you know and as you stated, I have been involved in science
education for a long time. I was a former middle school and high
school teacher and currently I am an academic in an institution of
higher ed. Specifically I am a professor at Arizona State Univer-
sity.

In addition to my duties at NSTA, I am also an associate editor
for the Journal of Research and Science Teaching and I am also an
incoming fellow for the American Association for the Advancement
of Science.

As you know, the National Science Education Standards have led
the way in our thinking about science as inquiry. This document
has made it explicit that science as inquiry is a content standard.
That is something that all students should know about, have the
abilities to do, and that they should understand.

And in the standard, it describes specifically what science as in-
quiry is. It includes among several things being able to ask ques-
tions, collecting data, analyzing that data, and sharing those find-
ings.

In science teacher education, we think a lot about this standard
and we think of it in two ways. We think of it as a way to teach
and a way to learn. And our work in this area focuses on helping
teachers to learn how to teach using this method as well as under-
standing how students learn in an inquiry setting.

Now, I know this sounds very simple, but it is really quite com-
plex. And this is where most of my work has been. I have pondered
how we can better assist teachers in implementing science as in-
quiry. My current work, which is funded by the National Science
Foundation, is targeting a unique group of science teachers and
that is teachers in their very first years.

So this is what we know. We prepare teachers to teach inquiry
and we provide wonderful professional development for them to
support their learning of inquiry. But when they first graduate,
when they first come out of their teacher preparation program,
they have no rich support to do inquiry.

So my premise was what if we intervened in that period and ac-
tually gave them very rich support what would happen. And NSF
funded me to find out.

I followed 120 teachers over three years, the first three years,
and we found out that with rich support to teach science, these
teachers actually enacted more inquiry. And what we are finding
out now as we go into the fifth year of this study, it is being sus-
tained.

So this research is really important in that it gives new insight
into how teachers can develop their practices and how we can
strengthen them and how we can sustain them.

From this research, we found in addition to that conclusion that
science induction, and that is what we call it, support is critical.

We have also found that teachers have great advances in how
they understand how students learn in these first few years. In
teacher preparation, we focus on that. But when they actually hit
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this classroom, their understanding of how students process science
takes incredible leaps and bounds.

So this work has been critical. It has allowed me to work with
several federal agencies. And I am hoping to continue this work.
And in thinking about that, I was thinking about some key sugges-
tions I might have for federal agencies.

First off, I think it is really important that this work, as work
of a lot of my colleagues, that we think about how do we translate
this or support this work so it can go into practice. We know this
now. We found this understanding, but how do we actually put it
in the hands of people who can use it.

I think there is also the potential for funding agencies to think
about long-term support. We are beginning to understand more
about how teachers develop their practice and how students learn,
and these are going to be projects that require a lot of financial
support to really get at some very important understandings.

And, finally, I think it is really important that we just continue
our support for research in science education.

So I want to thank you very much for having me here today. I
hope we can continue to talk about some of these issues, and I am
looking forward to answering any questions you may have.

[The information follows:]



58

Testimony
Julie A. Luft, Ph.D.
Professor, Science Education
Director of Research, National Science Teachers Association
Mary Lou Fulton Institute and Graduate School of Education
Arizona State University

Before the
Commerce, Justice, and Science Subcommittee
U.S. House of Representatives
February 4, 2010

Chairman Mollohan, Ranking Member Wolf, and distinguished members of the Subcommittee,
my name is Julie Luft and I am honored to be here today to discuss inquiry based science teacher
education. I have been involved in science education as a middle and high school classroom
teacher and as an academic in institutions of higher education. My teaching and research
responsibilities over the years have focused on secondary science teacher education. Currently, |
am the Director of Research for the National Science Teachers Association (NSTA), an
Associate Editor for the Journal of Research in Science Teaching, and an incoming American
Association for the Advancement of Science Fellow.

Thank you for inviting me to speak to you on the critical topic of science education. My passion
for this topic was certainly inspired by my middle and high school science teachers, who heard
my questions and encouraged me to find the answers. The investigations [ engaged in were not
always planned, nor were they in the textbooks. Instead, they provided me with an unusual
opportunity to conduct experiments, collect and analyze data, and make conclusions. These early
experiences were captivating in that they allowed me to explore what [ did not know, develop
solutions to problems, and better understand our natural and made-made world. As a teacher, 1
tried to provide these same opportunities for science as inquiry to my students.

The National Science Education Standards [NSES] (National Research Council [NRC], 1996) is
explicit in its statement that science as inquiry is a content standard for K-12 students. This
means that students need to develop the understandings and the abilities to conduct science as
inquiry. This standard includes: “making observations; posing questions; examining books and
other sources of information; planning investigations; reviewing what is already known in light
of evidence; using tools to gather, analyse and interpret data; proposing answers, explanations
and predictions; and communicating the results (p. 23; NRC 1996).” Ultimately, a science as
inquiry instructional approach cultivates the abilities of students to think scientifically, which
will help students better negotiate the different disciplines of science and help build their
capacity to be scientifically literate citizens.

Science as inquiry is typically characterized in two ways: a way to teach, or a way for students to
learn. Science teacher educators consider both approaches when working with future teachers.
We have to provide programs with experiences in which teachers can learn about inquiry, so that
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they can create inquiry environments that provide an opportunity for their students to learn
important science concepts. While this sounds simple, it is not.

In order to learn to teach using inquiry, teachers need ample opportunities to practice methods of
inquiry instruction, knowledge in the content area they are teaching, knowledge about the nature
of science, knowledge of how students learn, and access to inquiry based curriculum. Developing
science teacher education programs that address each of these areas is possible, but it requires
collaboration between education and science faculty, and teachers and administrators in local
schools. In this collaborative effort, there also has to be time dedicated to the development and
assessment of common goals and outcomes related to science as inquiry.

As a science teacher educator, I am always looking for new ways to cultivate an understanding
of inquiry among our future and current science teachers. In developing courses and programs, |
have to consider the challenges previously mentioned. To understand if my innovations,
instruction, or programs are assisting teachers in developing their abilities around inquiry, 1
conduct studies and look at the findings of my colleagues.

Recently, I have been involved in research that examines how beginning science teachers create
an environment of science as inquiry in their classrooms, It is important to study beginning
science teachers because they know about inquiry, want to use inquiry in their classrooms, and
will become experienced educators who use inquiry.

The National Science Foundation has funded this research project since 2004. In this study, my
colteague and I (Dr. Gillian Roehrig, University of Minnesota) were interested to see if we could
support beginning science teachers to use more inquiry than is usuaily observed in classrooms.
To do this, we designed a study that following beginning science teachers during their first
through third years in the classroom. While these teachers were in the classroom, they engaged
in different professional development programs. Programs for new teachers are called induction
programs. Half of the teachers participated in induction programs that focused on teaching
science and science as inquiry, while the other half participated in induction programs that
focused on teaching. In interviewing over 100 teachers every month and observing the teachers
every other month for three years, we found that:

Teachers in science induction programs enacted more inquiry than did their peers
in other programs - The new teachers who had access to ongoing support to teach
science as inquiry did create more inquiry environments. This support provided the new
science teachers with assistance to create lessons, feedback on one’s teaching,
instructional materials, and countless opportunities to talk about teaching science.

Science teachers learn about student learning as they work with students — As our
teachers worked with students, they began to understand how students learned during
inquiry instruction. This provided the new teachers with opportunities to understand how
different instructional formats impacted student learning,

These findings are important for two reasons. First, they suggest that new science teachers need
subject specific support as they begin to leamn to teach science. Most induction programs for new
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science teachers focus on teaching in general, and not on teaching science. Second, faculty who
prepare science teachers need to continue working with their teachers as they begin their first
years of teaching. By focusing on teaching science and involving teacher preparation faculty in
induction programs, new science teachers will be better able to develop an inquiry practice in
their first years of teaching. The abilities and knowledge developed during these first years will
continue throughout their careers.

While this research tells us about the inquiry instruction of beginning science teachers, it can alsc
reveal what type of experiences in teacher preparation programs support the use of inquiry
among new science teachers. In an analysis of our current data, we were able to determine
aspects of teacher preparation that supported the use of inquiry in the classroom. These results
are consistent with the literature in the area of science teacher and teacher education (e.g., Abell
& Lederman, 2007; Cochran-Smith, & Zeichner, 2005; Richardson, 2001). Some of these areas
are:

Experiences in classrooms — The value of working in classrooms to learn how to teach
inquiry and how students learn through inquiry is essential. Teachers who learn to teach
science during their teacher education program wiil have the tools to do so in their first
year. In our research and the research of others, the more opportunities teachers have for
high quality classroom experiences, the more likely they are to implement inquiry in their
classes.

Courses that focus on learning to teach science — Science teachers have a unique
challenge. They must take what is known in science and translate it into something that
students can understand. In our study, beginning science teachers enacted more inquiry if
they had opportunities to reflect on the process of science and their own science
instruction. These courses explicitly have teachers learn how to teach the content in a
manner that supports student learning.

Degrees and certification are linked together — Teachers who received their
certification to be science teachers as part of their undergraduate or graduate degree
programs did have a sustained use of inquiry in their first years. Embedding the
certification process in the learning of a content area is important in fostering the use of
inquiry among science teachers.

In doing this research and in working with science teachers, [ have learned that there are
additional areas that impact the use of inquiry in the science classroom. These include:

Current forms of standardized testing are impacting science instruction — [n NSTA’s
survey of science teachers (Luft, Wong, & Ortega, 2009), science teachers reported that
standardized assessments negatively impacted their teaching of science. One of the
unintended consequences of these assessments was the loss of time spent on inquiry in
order to achieve the articulated state standards. Assessment of student learning is
important, but needs to occur in a way that can provide students with an opportunity to
engage in inquiry and that is valuable to the professional development of science
teachers. I urge legislators to take this into account.
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Supporting a science as inquiry approach requires that education and science
faculty to work together — Science and education faculty each have important
responsibilities as potential teachers participate in science teacher preparation programs.
Science faculty need to use instructional strategies that promote deep understanding of
the content and the processes of science. Education faculty need to help new teachers
learn how to translate this knowledge into student learning. Teacher preparation programs
that are coordinated by both groups of faculty are in a better position to help science
teachers understand, enact, and evaluate their use of science as inquiry in the classroom.

Professional development programs are essential in developing science as inquiry
instruction among teachers — According to NSTA’s survey of science teachers (Luft,
Wong, & Ortega, 2009); science teachers reported that they did not have enough
professional development opportunities. Science teachers need ongoing opportunities to
build their abilities and knowledge in the area of science as inquiry. While these
programs can take on different forms, to be the most effective they should focus on
content, provide opportunities for active learning and collaboration, and last for at least
80 hours (Garet, Porter, Desimone, Birman, & Yoon, 2001; Supovitz & Turner, 2001).

I have the pleasure of working with teachers, science teacher educators, and others involved in
the science education endeavor. Arizona State University has encouraged this work. [ am also
grateful that T am in contact with the different federal agencies, primarily with the National
Science Foundation, but also the Department of Education. In my work with these agencies, 1
have learned a great deal. [ am appreciative that they exist and that they support my work and the
notable work of others. 1 would also like to suggest areas in which I think federal agencies could
expand in order to better meet the needs of science teachers. These include:

More support for research in the area of science education — More research is needed
in science education. By understanding how students learn science and how teachers can
better teach science, our students will be prepared for the challenges of the 21* century.
Research is also needed in and across the different science disciplines, and in the
informal and formal learning environment.

An emphasis on translating research into practice — Placing research in the hands of
teachers is critical if we are going to change how science teachers teach. While projects
that provide opportunities for teachers to engage in science are noteworthy, more needs to
be done to provide teachers with research experiences in science education and in
disseminating the findings of science education researchers. By engaging teachers in
science education research and disseminating relevant research to teachers, teachers can
explore and leam practices that will improve the learning of their students.

Long term support for science education research is needed — If we are to understand
the efficacy of science as inquiry (teaching and learning), then it is important to have

support for long-term research projects. In science and medicine there are provisions for
long term study, and science education our studies are often confined to short periods of
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time (a few years). In addition, long term studies and projects increase what we know in
science education, and improve science instruction in the classroom.

Consistent funding for federal agencies involved in science education — The National
Science Foundation plays an important part in advancing our knowledge in the areas of
science education. In order for this organization to continue this important work,
increased support for research and dissemination is needed. Every effort has to be made
to at least maintain, but really increase, the funding provided to the National Science
Foundation for science education research, development, and dissemination.

Mr, Chairman and members of the committee, science educators are very encouraged by the
Administration’s strong commitment to science education. For instance, we are encouraged by
the coordination of the different science initiatives through a central organizing group. This
initiative is groundbreaking and will ensure that there is a focused effort to improve science
education from schools to institutions of higher education. Ultimately, the future and well-being
of our country resides in the science education our students encounter today. And the education
our students receive today and tomorrow wil be the result of well-developed, coordinated, and
adequately funded programs in science education.

I thank you for this chance to testify here today and look forward to answering any questions you
may have.
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Mr. MOLLOHAN. Thank you, Dr. Luft.

Dr. Strang.

Mr. STRANG. Thank you, Mr. Chairman, for inviting me to testify
about the importance of inquiry-based science education and thank
you for supporting the role that NOAA, NSF, and NASA play in
improving science education. You can be proud of their work that
improves the lives of young people, provides assistance to teachers,
and strengthens our workforce.

If I leave you with one message, it is science agencies must play
a leadership role in the improvement of science education. Achiev-
ing science literacy for all Americans and preparing future sci-
entists requires direct involvement from today’s scientists. Science
agencies must have the mandate and funding to devote significant
resources to science education.

I am Associate Director of Lawrence Hall of Science, University
of California, Berkeley. LHS is a national leader in the develop-
ment of K-12 inquiry-based science and math instructional mate-
rials. One in five children in the U.S. uses curriculum materials de-
veloped at Lawrence Hall of Science.

I am also Director of a NOAA Office of Education sponsored
project, the Ocean Sciences Curriculum Sequence for grades three
through five. This grant created a partnership between the LHS
Center for Ocean Sciences Education Excellence and Rutgers Uni-
versity to provide students with inquiry-based experiences in ocean
sciences. These materials will become the most widely used ele-
mentary ocean sciences curriculum nationwide. They were devel-
oped by science educators, scientists, and educational researchers,
tested by the developers in local classrooms in Berkeley, then field
tested by 70 teachers nationwide to ensure their effectiveness and
broad applicability. We are now analyzing the very positive field
test data to revise the final version of the materials.

My written testimony provides more information about those ma-
terials, including our evidence of their effectiveness. But this
project would not have been possible, however, without previous
strategic investments by NSF and NOAA to build on and change
the landscape of science education that has made a project like
mine possible.

For most of my career, marine education has resided at the dis-
tant margins of K-12 science education. Understanding the ocean
is critical to the health of our planet. Climate change, ocean acidifi-
cation, extinction, hurricanes, tsunamis dominate the news. Cali-
fornia alone has a $43 billion ocean economy. Yet, ocean topics are
idiosyncratically missing from national and state science standards.

The U.S. Commission on Ocean Policy reported that the absence
of ocean sciences in schools has resulted in a generation of Ameri-
cans ignorant of the importance of the ocean, placing our economy,
environment, and national security at risk.

So in 2002, the NSF Division of Ocean Sciences invested $3.5
million to establish a national network of Centers for Ocean
Sciences Education Excellence or COSEE. I am the Director of one
of those centers.

COSEE has coalesced and elevated ocean sciences education by
engaging scientists and science educators in mutually beneficial
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partnerships. Ocean scientists themselves believe that education is
so critical they now devote their research dollars to the endeavor.

In the early days of COSEE, we first began to discuss creating
an ocean literate society by infusing more ocean topics into the K-
12 science education standards.

Then in 2004, the NOAA Office of Education made a strategic in-
vestment, just tens of thousands of dollars, to convene meetings be-
tween leaders of COSEE, NOAA, National Geographic Society, the
National Marine Educators Association, and College of Exploration
to define ocean literacy and the few ocean concepts that should be
in K-12 science standards.

The result was the publication of this brochure that describes
seven big ideas that all twelfth graders should understand about
the ocean. This ocean literacy brochure is a transformative con-
sensus document. There have been nine conferences in three coun-
tries devoted to it. It has resulted in the publication of a high
school textbook, another high school course, several museum and
aquarium exhibits, including here at Sant Ocean Hall at the
Smithsonian, several lecture series and web sites. Several states
have incorporated some ocean concepts into their standards as a re-
sult and this is the new context that has been created for the de-
velopment of our ocean sciences curriculum sequence.

NOAA and NSF funding brought coherence and prominence to a
once marginalized domain of science education. Their involvement
ensures that science education keeps up with the fast-moving world
of scientific discovery.

Public understanding of science leads our young people to be cre-
ative, thoughtful decision makers and is a key to the improvement
of our environment, economy, and quality of life.

Thank you, Mr. Chairman and all the members of the Com-
mittee, and please continue to support science education within
NOAA, NASA, and NSF.

[The information follows:]
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Introduction

[ would like to begin by thanking you, Mr. Chairman and members of the Committee, for
inviting me to provide testimony about thc importance to the nation of inquiry-based
science education. | would like to thank you in particular for your previous support for
the role that science agencies such as NOAA, NSF and NASA play in promoting and
improving science education in the United States. | believe you can be very proud of the
work that those agencies arc doing on a daily basis to improve the lives of young people,
to provide assistance to teachers, and to continually improve the quality of our future
workforcc. It is my sincere hope that you will continue and even increase support for the
education programs of these agencies. If I leave you with only one message today, it is
that science agencies such as NOAA, NSF and NASA must play a leadership role in the
improvement of science education. The type of high quality science education that is
required to bring about science literacy for all Americans and to prepare the next
generation of scientists depends on the direct invoivement of today’s scientists. Therefore
science agencies must have the mandate and the funding to devote significant intellectual
and human resources to the endeavor of science education.

I am the Associate Dircctor of the Lawrence Hall of Science at the University of
California, Berkeley. I have happily worked there since 1991. Lawrence Hall of Science
(LHS), the university’s public science center, is a national leader in the development and
support of science and mathematics instructional materials for grades preK-12. LHS
creates programs, tools and approaches that are replicated, scaled up and disseminated
nationally. LHS provides professional development to over 20,000 teachers and school
administrators each year, and one in five children in the U.S. uses instructional materials
developed at LHS. I invite you to watch a short video about LHS at
http://www.lawrencehallofscience.org/about.

NOAA-Sponsored Ocean Sciences Curricufum Sequence, Grades 3-5

I am here today to share with you a NOA A-sponsored project that [ direct, our first early
indications of its effectiveness, and how it fits into a larger constellation of inquiry-based
science education reform efforts supported by NOAA, NSF and NASA, and carried out
by institutions such as Lawrence Hall of Science. The project I would like to share is the
development of an Ocean Sciences Curriculum Sequence for Grades 3-5, funded by the
NOAA Office of Education, Environmental Literacy Grants program. This grant created
a partnership between the Lawrence Hall of Science Center for Ocean Sciences
Education Excellence, Rutgers University and a curriculum publisher, Carolina
Biological Supply Company. The project addresses the critical need to provide students
with inquiry-based experiences related to the big ideas in ocean sciences. We know that
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nationwide, even in coastal states, despite the important role that the ocean plays in
driving earth systems and influencing our history, culture and economy, concepts about
the ocean are not commonly taught in grades K-12. This project will create an
unprecedented Ocean Sciences Curriculum Sequence for Grades 3-3 that will provide
students with 25 hours of instruction about ocean concepts that are aligned with state and
national science education standards. It is anticipated that this new Sequence will become
the most widely used ocean-focused science education curriculum nationwide at the
elementary level. The materials will provide teachers with a standards-based tool for
teaching basic science using the ocean as a compelling integrating context. The materials
will be grounded in current research on teaching and learning and designed to connect to
the National Science Education Standards, Ocean Literacy: The Essential Principles of
Ocean Sciences K-12, and to a large sample of state science standards. The activities
were developed with rigorous input from a team of research scientists, science educators
and educational evaluators and researchers. They were thoroughly pilot tested by the
developers in focal classrooms in Berkeley, California, then field-tested last fall by 70
teachers nationwide to ensure their effectiveness and broad applicability. We are just now
analyzing the data we received from teachers and students during the field test in order to
revise the final version of the materials. The finished product will include print materials
for teachers, with inquiry-based learning activities, a multi-media DVD, student readings
and data sheets, curriculum-embedded assessments, and commercially available materials
kits that will allow the materials to be adopted by whole school systems and/or states. No
comparable ocean sciences curriculum materials are currently available.

[ mentioned that the materials we are developing engage students in the process of
inquiry. I'll discuss in greater depth later in my testimony what [ mean by “inquiry,” but
for now, let me provide you with an example from the Ocean Sciences Curriculum
Sequence for Grades 3-5. One of the most important concepts that we want students to
understand is that, “Most of Earth (about %) is covered by the ocean.” This concept is
important because it underlies students’” subsequent more abstract understandings that the
ocean is a major influence on weather and climate, that most of the oxygen on Earth was
produced in the ocean, that most of the living space on Earth is in the ocean, that most
major groups of organisms live only in the ocean, that most rain comes from water that
evaporated from the ocean, etc. It seems like a straightforward concept, “Most of Earth is
covered by the ocean.” Straightforward, that is unless you’re a 9-year old who has been
living on land your wholc life and staring at classroom wall maps showing Mercator
projections that greatly distort the continents which are always shown in bright colors.
We have learned that simply telling students that most of Earth is covered by the ocean is
not enough to undo their lifetime of contradictory experience. In the very first session of
our curriculum, we have students discuss with a partner how much of Earth they think is
covered by land versus water. Then each pair explores a small inflatable globe to look
themselves for evidence to answer that question. They try to trace a path on land around
the planet and then try to trace a path on the ocean around the planet. They come up with
their own forms of evidence, like how many USAs it would take to fill the Pacific Ocean.
Finally, we have students collect some data that they can use as evidence. They toss a
larger inflatable globe around the room and count the number of times that the right index
finger of the catcher is touching land versus water. Inevitably, the data provides evidence
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that about % of Earth is covered by the ocean. Students write in their notebooks about
what the evidence seems to indicate, and how the evidence has helped them to change or
support their own personal ideas.

This example is not representative of the most “open” forms of inquiry in which students
generate their own questions, develop their own experiments and the criteria for their
experimental design, gather and analyze evidence and draw conclusions. But it is inquiry
nonetheless, and remember, our materials are designed for 8-10 year olds. The globes
activity may not seem like rocket science but here are some of the comments we received
from teachers in our field test study. I am including a wide range of comments to open-
ended questions so that Committee members will have a sense of the flavor the feedback
we received from teachers in extremely diverse socioeconomic, geographic an
educational settings:

Huge! Plus, if I had any kids not sure about science before, they have all changed their
minds!

This activity had a great impact. Tt was engaging and the kids were fascinated by how
many more of their fingers actually touched water. This was true evidence in their eyes
and that is what counts!

it worked well. It gave them a kind of mathematical proof that they needed in order to
have a concrete experience.

The recording on the chart reflected what we had already found out so it was a fun way to
review and collect more "evidence". VERY effective!

My students loved this activity. We actually performed this twice to see if our results
were similar. This was a great way to show evidence of the earth's surface being covered
mostly with water.

It was a huge eye opener for them. It made the abstract fraction more real.
It was key because it gave data and evidence to the 70/30 fun fact.

The globe toss was great for the students that needed kinesthetic/hands-on to grasp the
concept of the vastness of the ocean.

The hands on globe, the key concepts, and the notebooks really helped to teach the unit.
The students will remember this material and be able to use it in the future. I think this
also helped them become good thinkers.

It was a good session, T think it helped me to realize that the students have a hard time
realizing that they live on a planet, continents, country etc. Something that I assumed
they knew.
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Evaluating the globe as an example of a model and why models are used in science was
effective. Also finding evidence to support more ocean on the Earth than land. Students
already knew there was more ocean but challenged by finding evidence to support it. The
Global Toss worked very well and was fun!

The globes for student use was extremely effective in showing students the comparison
between the globe and Earth. They were amazed that we found more inaccuracies than
accuracies. I really enjoyed seeing my students think about whether the Earth should
change to being called Planet Ocean and coming up with evidence from the lesson to
back up their reasoning.

1 think my students have been exposed to the "right” answers but I think they are being
exposed to a new way to think about them in this material.

They genuinely thought there was more {and than water on the Earth and were surprised
that they could not trace a land path around the world but could trace a water path.

They already knew the earth was mostly covered with water but to have the evidence was
a powerful addition!

The students believed that the Earth was covered mostly by land because that is what
they see each day.

Some kids actually thought different states/countries were in different colors like the
model (globe). One thought the words naming the places would be visible from space. I
showed them a globe that was more topographical instead of pofitical and I think that
helped.

In later instructional sessions in Unit 1, students learn about how scientists at Rutgers
University are using autonomous underwater gliders, powered by changes in water
density, to collect enormous amounts of never-before-available pressure, salinity and
temperature data. One underwater glider just recently completed the first unmanned
crossing of the Atlantic Ocean from New Jersey to Spain. Our 3 through 5* grade
students can now use real data collected by RU 27, The Scarlet Knight, to map pressure
and temperature changes all the way across the Atlantic. This is another form of inquiry,
as students conduct what we call, “secondhand investigations,” that is, they use and
analyze data that was collected by someone else.

At the end of each teaching session, we surveyed each teacher involved in the field test to
obtain comments and feedback like those above. In addition, we also administered pre
and post tests to the students in the field test classrooms. While further research is
necessary, we have early indications that while all students improved over the course of
instruction, lower performing students show especially strong gains when using the
materials, This indicates that the materials have promise for helping to close the
“achievement gap.” Below are pre/post assessment scores for Unit | only (Unit 1 is
comprised of eight hours of instruction).
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Student Assessment Results

Students showed significant science content understanding on ALL questions on

summative assessment!

Students in lowest-scoring percentile had largest gains!

Multiple choice items:

Content of item Pre-test Post-test Gain Gain by
correct correct lowest-

quartile
students

One connected

ocean 0.61 0.88 0.27 0.45

Shape of ocean

floor 0.4 0.94 0.54 0.72

Which parts of

ocean move? 0.55 0.73 0.18 0.34

Pattern of

temperatures

with depth 0.6 0.92 0.32 0.48

Causes of ocean

movement 0.34 0.6 0.26 0.31

One connected

ocean {pollution) 0.47 0.71 0.24 0.4

Percent of Earth

covered in ocean 0.7 0.95 0.25 0.51

Largest gain in shape of ocean floor (1 item)
Smallest gains in movement of ocean (2 items)

Constructed response item- “What would you say if someone said the ocean was
layered? Would you agree? Please explain your answer.”

Scored on a scale 1-4:
1=no, not layered

2=yes, layered, but no explanation

3=one way layered

4=two or more ways layered

Pre-test | Post-
test

Percent scoring 3 or 4 50.8% 76.2%
Percent scoring 4 24.1% 58.0%
Number mentioning temperature 34 96
Number mentioning light 11 22
Number mentioning salinity 3 14
Number mentioning pressure 3 7
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By next year at this time, the Ocean Sciences Curriculum Sequence, Grades 3-5 will be
readily available for widespread adoption by school districts nationwide. These materials
will also be available to individual interested teachers, but they have been designed with
school district adoptions in mind so that they will quickly reach the large, mainstream
population of teachers who are bound to use their state approved and district adopted
curriculum. I’m pleased to let you know that in January 2010, we aiso received support
from NOAA Office of Education to develop an Ocean Sciences Curriculum Sequence for
Grades 6-8. We have already begun the development of this complementary project.

Space Science Sequence, Grades 3-8

The Ocean Sciences Curriculum Sequences are modeled after work that my LHS
colleagues have done in the NASA supported, “Space Science Sequence for Grades 3-8”
published in 2009. George “Pinky” Nelson was a NASA Astronaut from 1978-1989 and
flew on three shuttle missions. He is Director of Science, Math and Technology
Education and Professor of Physics and Astronomy at Western Washington University.
In his Foreword, he wrote: “My fantasy is that every grade school and middle school will
adopt the Space Science Sequence and provide teachers with the professional
development and other support to ensure that it is well used. I will use it with preservice
teachers in my university as an example of the new generation of curriculum materials...1
look forward to the time when students arrive in my astronomy classes at the university
with the knowledge and skills taught through these materials. It will change the way |
teach because students will arrive prepared to take the next step toward even deeper
understanding and appreciation of the Universe.”

Lawrence Hall of Science and Inquiry

These curriculum development projects are only two out of dozens of teacher
professional development, curriculum development and exhibit development projects
currently going on at Lawrence Hall of Science. Since it opened in 1968, LHS has
continually had a tremendous impact on the field of science education. In those early
years, UC Berkeley Physicist Robert Karplus developed a model of optimal learning
called the Learning Cycle that he used as a framework for the development of one of the
first and most successful hands-on, kit-based science programs in the post-Sputnik cra,
Science Curriculum Implementation Study (SCIS). Today, the LHS Full Option Science
System (FOSS) is the leading elementary hands-on science program in the country.
Currently in development is what we believe will become the science program of the
future, Seeds of Science, Roots of Reading, that is designed to synergistically integrate
science with reading and writing instruction. SCIS, FOSS, Seeds of Science and many
others over the last 42 years were created with support from the Nationa! Science
Foundation. Still others over the years have been funded by NASA, and more recently by
NOAA.

LHS and a handful of peer institutions around the country with support from federal
science agencies have led the way in defining and promoting approaches to teaching
science that engage students in doing science, making their own first hand observations,
thinking like a scientist and developing scientific habits of mind, such as providing
explanations of the natural world that are based on evidence. Our approach provides
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students with opportunities to engage in respectful discourse, to think critically and to
examinc alternate evidence. Ultimately, we want all students, not just future scientists, to
be empowered to ask their own questions, and be able to puzzle out tentative answers that
help them to understand the world and improve their own quality of life. These
approaches are collectively described as inquiry-based science education.

There are many definitions of inquiry. The National Science Education Standards from
the National Research Council of the National Academy of Sciences describes inquiry
this way:

*...Inquiry is an active learning process - something that students do, not something that
is done to them.” (p.2)

“...Inquiry into authentic questions generated from student experiences is the central
strategy for teaching science.” (p.31)

And yet, NSES also states that “...this does not imply that all teachers should pursue a
single approach to teaching science.” (p.2) There are many levels of inquiry-based
teaching from “partial inquiry” to “full inquiry.” (p.143)

“Essential Features of Classroom Inquiry:

Learners are engaged by scientifically oriented questions.

Learners give priority to evidence, which allows them to develop and evaluate
explanations that address scientifically oriented questions.

Learners evaluate their explanations in light of alternative explanations, particularly those
reflecting scientific understanding.

Learners engage in discourse to justify and compare their proposed explanations.”
(Inquiry and the National Science Education Standards, p 25)

The Exploratorium in San Francisco says:

“Good science education requires both learning scientific concepts and developing
scientific thinking skills. Inquiry is an approach to learning that involves a process of
exploring the natural or material world, and that leads to asking questions, making
discoveries, and testing those discoveries in the search for new understanding. [nquiry, as
it relates to science education, should mirror as closely as possible the enterprise of doing
real science. The inquiry process is driven by one’s own curiosity, wonder, interest, or
passion to understand an observation or to solve a problem.”
(http://Exploratorium.org/ift)

There is a growing body of research literature that confirms the effectiveness of inquiry-
based science instruction. The literature is typified by a paper recently published in the
Journal of Research in Science Teaching entitled, “Inquiry-based Science Instruction—
What Is It and Does It Matter? Results from a Research Synthesis Years 1984 to 2002™
(Minner, Levy, Century, 2009). The abstract follows:

“Abstract: The goal of the Inquiry Synthesis Project was to synthesize findings from
research conducted between 1984 and 2002 to address the research question, What is the
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impact of inquiry science instruction on K—12 student outcomes? The timeframe of 1984
to 2002 was selected to continue a line of synthesis work last completed in 1983 by
Bredderman [Bredderman [1983] Review of Educational Research 53: 499-518] and
Shymansky, Kyle, and Alport [Shymansky et al. [1983] Journal of Research in Science
Teaching 20: 387-404], and to accommodate a practicable cutoff date given the research
project timeline, which ran from 2001 to 2006. The research question for the project was
addressed by developing a conceptual framework that clarifies and specifies what is
meant by ‘‘inquiry-based science instruction,’” and by using a mixed-methodology
approach to analyze both numerical and text data describing the impact of instruction on
K-12 student science conceptual learning. Various findings across 138 analyzed studies
indicate a clear, positive trend favoring inquiry-based instructional practices, particularly
instruction that emphasizes student active thinking and drawing conclusions from data.
Teaching strategies that actively engage students in the learning process through
scientific investigations are more likely to increase conceptual understanding than are
strategies that rely on more passive techniques, which are often necessary in the current
standardized-assessment laden educational environment.”

We know now that inquiry-based science teaching is effective. We know that when we
provide the type of instruction that encourages students to think and behave like
scientists, they also construct deeper understandings of the complex ideas of science. If
thinking like a scientist is to be the “central strategy for teaching science,” as the National
Academy of Sciences proclaims, then it clearly follows that the nation’s scientists and
science agencies must play the leading role in improving science education. NSF, NOAA
and NASA must be front and center, not peripheral, in determining what and how our
students are taught about science in the future.

NOAA'’s and NSF’s Strategic Use of Limited Funds

NOAA and NSF have both used relatively small investments to engage in strategic field-
building activities that have had a tremendous impact within the ocean sciences education
community.

The ocean defines and dominates nearly everything about our planet. It seems so obvious
why understanding and protecting the ocean is so critical to the future health of our
planet. Climate change, ocean acidification, extinction, hurricanes, tsunamis dominate the
news. And environmental concerns aside, the ocean provides over $43 billion per year to
the economy in California alone.

And yet, when the National Science Education Standards were published in 1996, ocean
scientists and ocean educators were dismayed that the National Standards contain almost
no mention of ocean topics. As a result, none of the states” science standards include
much about the ocean, coasts, or watersheds. Consequently, understanding about ocean
topics has been ignored in most K-12 classrooms for at least a generation. There were
exceptions of course, but without a coherent framework of concepts and messages, these
topics remained on the margins of teaching and learning about science. As marine
educators, we frequently found oursetves complaining about the absence of ocean
concepts in the curriculum, and we were just as frequently asked back, “Well, what about
the ocean IS missing? What SHOULD be taught about the ocean.” And of course, there
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was no consensus about what the answer should be. The absence of ocean sciences in
schools resulted in a generation of Americans largely ignorant of the importance of the
ocean. How could it be that in states like California, Florida and Hawaii, the ocean is not
systematically incorporated into the curriculum? Marine education had become
marginalized. When it was taught, it was often presented in a very local context: if you
live in “coastal community,” then of course you might teach a little about your local area,
but this resulted in an idiosyncratic presentation of occan concepts. So, there grew a
perception that marine educators were neither on the cutting edge of scientific discovery
nor on the cutting edge of innovation in pedagogy.

In 2002, the NSF Division of Ocean Sciences invested about $3.5 million in the
competitive establishment of a National Network of seven Centers for Ocean Sciences
Education Excellence (COSEE). Each Center is comprised of a partnership between an
ocean sciences research institution, a formal education institution and an informal
education institution. The mission of COSEE is to “Spark and nurture collaborations
among scientists and educators to advance ocean discovery and make known the vital
role of the ocean in our lives.” I am the Director of COSEE California, one of the first
Centers to be established in the National COSEE Network, and now in its eighth year of
continuous funding. I can personally attest to how these Centers coalesced and elevated
the ocean sciences education community. Much of the authority of COSEE has come
from the presence of scientists. Because COSEE arises from a science research
directorate at NSF, and not from the Education and Human Resources Directorate, there
is a perception that ocean scientists themselves now believe that education is so critical,
they are willing to devote their own research dollars to the endeavor. In the early days of
COSEE, the Center Directors began to talk about creating an “ocean literate society” by
infusing more ocean sciences concepts into the mainstream K-12 science education
standards. We quickly realized that we needed to define what it meant to be ocean
literate, and what ideas about the ocean are so essential that every student should
understand them by the end of high school.

In 2004, the newly established NOAA Office of Education, made a small but highly
strategic investment, perhaps just tens of thousands of dollars, to convene a series of
online and face-to-face meetings between leaders of COSEE, NOAA, National
Geographic Society, National Marine Educators Association and the College of
Exploration (a distance learning organization) for the purpose of defining Ocean Literacy
and determining what ocean sciences concepts should be in mainstream K-12 science
education standards. The result was the publication a year later of a small brochure
entitled, “Ocean Literacy: The Essential Principles of Ocean Sciences K-12.” The
brochure defines Ocean Literacy in the following way:

“Qcean literacy is an understanding of the ocean’s influence on you and your influence
on the ocean.

“An ocean-literate person:
+ understands the essential principles and fundamental concepts about the
functioning of the ocean;
+  can communicate about the ocean in a meaningful way; and



74

¢+ is able to make informed and responsible decisions regarding the ocean and its
resources”

The pamphiet further describes seven principles of Ocean Literacy or seven big ideas that
everyone should understand by the end of high school:

1) Earth has one big ocean with many features.

2) The ocean and life in the ocean shape the features of Earth.

3) The ocean is a major influence on weather and climate.

4) The ocean makes Earth habitable.

5) The ocean supports a great diversity of life and ecosystems.

6) The ocean and humans are inextricably interconnected.

7) The ocean is mostly unexplored.

Each principle is elaborated by a handful of “fundamental concepts,” 44 in all, that can be
seen at http:/www.oceanliteracy.net.

The Ocean Literacy Brochure quickly became a consensus document, a unifying rallying
point among ocean scientists and ocean sciences educators. There have now been nine
entire conferences in three countries devoted to discussing the Ocean Literacy principles.
A new high school textbook has been developed; another high school course is in
development; museum and aquarium exhibits (including the Smithsonian’s new Sant
Ocean Hall) have been designed; lecture series and web sites abound; several states have
incorporated ocean concepts into their science or environmental education standards; and
of course the Ocean Sciences Curriculum Sequences (described above) are underway.
Most Requests for Proposals released by NOAA now require applicants to address the
Ocean Literacy Principles as a criterion for funding; and the same is true for RFPs
coming from NSF Geosciences Directorate. The Ocean Literacy Brochure has certainly
changed the way we think about the importance of providing children with opportunities
to learn about the ocean. The process was so successful at bringing together scientists and
educators to think deeply about the most important concepts within a domain, that it has
been replicated several times. Similar brochures have now been published describing
Atmospheric Literacy (supported by NOAA), Climate Literacy (supported by NOAA)
and Earth Science Literacy (supported by NSF). These efforts have greatly helped to
clarify and prioritize the big ideas in domains of science that are rapidly growing in
importance and prominence. I have no doubt that these consensus documents will greatly
influence the content of the future “Common Core” science standards now under
development.

While the Ocean Literacy principles describe what students should know by end of Grade
12, a new, much more elaborate guidance document is now in press, The Ocean Literacy
Scope & Sequence for Grades K-12. The Scope & Sequence describes what students need
to know about each principle in Grades K-2, 3-5, 6-8 and 9-12. The impact of this
document has not yet been felt (publication will be in mid-February), but it will no doubt
be significant. The NOAA Office of Education has stepped forward with funds for its
publication as a “National Marine Educators Association Special Report on Ocean
Literacy Featuring the Ocean Literacy Scope & Sequence K-12.” [ have attached with
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this testimony electronic copies of both the Ocean Literacy Brochure and the DRAFT
NMEA Special Report on Ocean Literacy.

NOAA and NSF funding for ocean sciences education has been highly complementary,
and together has brought coherence to a once fractured and marginalized domain of
science education. The small amounts of funding provided have been leveraged by
building on lessons learned more broadly in science education through much larger
investments from NSF Education and Human Resources Directorate. From a personal
perspective, T can certainly say that NOAA and NSF have greatly enhanced the efficacy
of my work and of the work of many of my peers and colleagues across the country.

In conclusion, 1 would like to repeat my thanks to you, Mr. Chairman and members of the
Committee, for your past and continuing support of science education. I believe there are
few areas in our society more important than public understanding of science,
technology, engineering and mathematics. Widespread understanding of these areas
which leads our young people to be creative and thoughtful decision-makers, is a key to
the future health and prosperity of our economy, environment and quality of life. I would
like to encourage your continued support of the science education efforts within NOAA,
NASA, NSF and our other great science agencies.
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SUPPORT FOR INQUIRY-BASED INSTRUCTION

Mr. MOLLOHAN. Thank you. Thank both witnesses.

Today we are really focusing on and learning more about STEM
education, the status of STEM education. Yesterday I asked one of
the witnesses, “Is there any credible debate out there as to the ben-
efit of inquiry-based education to teach STEM courses?” And the
answer was no.

And then it became clear as the hearing went on, when you
talked to the witnesses, that while there may not be a debate at
some level about the superiority of inquiry-based education for
these disciplines, there certainly was a lot of difficulty in migrating
that technique out through the real educational systems across the
country, which seems to be a bit of an irony or at least a tragic
problem.

If there is really no debate that inquiry-based education is by far
the superior way of teaching young Americans about science, then
why is it not being embraced universally across the school districts
of the country?

Dr. Luft.

Dr. LUFT. You know, that is a really good question. We do see
that there are more and more good inquiry curricula that are being
put in schools, but I think you have to realize that this curriculum
costs money. And schools, especially right now, are making choices
about what they are going to fund. Over the years, they have made
these choices, too. So it is acquiring the curriculum; it is also sup-
porting the curriculum.

So for the teachers that I work with in the Phoenix area, many
of them have the FOSS kits, but some of them are in districts that
may not have a science coordinator who can help provide profes-
sional development for the teachers to support them in using these
kits appropriately. If they get the kits, learning how to use them
in ways that are really conducive to developing understanding is
critically important.

I think another concern on the teacher education end, which I
am comfortable to speak about, is that we really need to work in
the science education community on who knows this. We need to
work to help our teachers understand how to use the kits when
they go into the schools. But sometimes there is a disconnect be-
tween the materials and supplies we have at the University versus
what is in the local schools.

So while there is great curriculum, that curriculum varies by dis-
trict, and it also is supported in ways that are not equivalent. Some
districts may be able to or have a science coordinator and other dis-
tricts may not. So supporting that enactment is very difficult.

Mr. MoLLOHAN. Well, I would like to get down to the detail of
that a little later.

But, Dr. Strang.

Mr. STRANG. Mr. Strang.

Mr. MOLLOHAN. I am sorry.

Mr. STRANG. It is okay.

Mr. MOLLOHAN. It is Dr. on your card there.

Mr. STRANG. Oh. Well, I appreciate the honorary degree.

Mr. SERRANO. We give everybody titles.
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Mr. HONDA. No money, but——

Mr. SERRANO. Dr. Mollohan.

Mr. STRANG. I agree with everything that Dr. Luft said and I
think resources and money are certainly an issue.

But aside from the current budget crisis that, for instance, Cali-
fornia schools are in, I think there is another issue that is just as
profound with the implementation of inquiry in our science pro-
grams and that is the issue of instructional time, not so much
money.

We are finding in school districts across the country, but espe-
cially in California, that even after the adoption of the FOSS Pro-
gram or other inquiry-based materials that because of the empha-
sis on accountability and English language arts and mathematics
at the elementary level, that elementary science programs have
been virtually dismantled.

In the San Francisco Bay area, the Lawrence Hall of Science did
a study in 2008; we found that the average elementary school
teacher in the eleven Bay area counties spends about an hour and
15 minutes a week teaching science. And we know that most of
that time is spent in grades four through six or four through five.
So we figure that at the K through two or K through three levels,
teachers are spending maybe 30 minutes a week teaching science,
and you cannot do inquiry in that amount of time.

So while we know, and I think most teachers today understand
the importance of inquiry and the difference in student under-
standing when they present concepts using inquiry versus when
they present them through other direct instruction methods, even
though teachers understand that, they are in this constant conflict
over managing the time of their instructional day.

SUPERIORITY OF INQUIRY-BASED INSTRUCTION

Mr. MoLLOHAN. If I might. The witnesses yesterday made that
point that inquiry-based, while most people, and you just said
while most people acknowledge inquiry-based, is superior, in effect,
you said that. In spite of that testimony yesterday and just for pur-
poses of discussion here, I really wonder about that and that seems
to be a real threshold question to me.

As much as people are ringing their hands about America being
behind in teaching math and science, if everybody believed, that
there was this consensus out there that inquiry-based education is
the way to go, then I do not know that we would be having dif-
ficulty developing materials here at NOAA and all the other places
materials are being developed and trying to get it out on a onesie
and twosies basis from bright people who are working hard and
really trying to pull the kind of organizations together to get the
curriculum and get the teachers taught and then actually support
them in the field. I do not think we would be having so much of
a problem about that.

So my question really goes to the premise that everybody be-
lieves that inquiry-based education is a superior way to educate
these young people in science.

Mr. STRANG. I think that there is a growing consensus about in-
quiry and the effectiveness of inquiry, but alternatively, science
education is not a priority. So there are many school districts in
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California that are telling us, well, we would have adopted FOSS
in the last science adoption year, but we knew we could not do it
justice and it is expensive and if we are not going to use it, why
would we pay for all those kits? So we just bought the textbooks.

IMPLEMENTATION OF INQUIRY-BASED STEM INSRUCTION

Mr. MoLLOHAN. Okay. Well, if everybody agrees that inquiry-
based education is the way to teach science, then we ought to be
about how does the Department of Education migrate inquiry-
based education like that throughout the country if that is how we
ought to be teaching science to youngsters.

Dr. LUFT. So I think this is again a complex problem. We can
agree. And I think if you talk to teachers, we agree that science
as inquiry is incredibly important, but there are factors that really
bear down and constrain the teaching of inquiry, no matter how
much we know or how important it is.

And you are right. The testimony yesterday really hit on this
hard that the testing and the accountability has constrained the
teaching of science as inquiry.

At the secondary level, I have walked into science classes to
watch teachers teach, but I have been told the science class is can-
celed at the secondary level to prepare for testing. The kids were
getting skills to take the test, so we are losing a period of time.
This is huge.

But the other piece is communities. I think when we have lost
a lot of funding for the professional development of teachers, when
that funding went away, teachers did not have the support or the
communities to constantly be thinking about their practice and en-
riching that practice.

Mr. MOLLOHAN. Thank you. We will follow-up.

Mr. Honda.

Mr. HONDA. Thank you, Mr. Chairman. Let me just pursue this
a little bit more.

How is it that we define inquiry and why is it only confined to
STEM and why do we focus only on children when it is the teach-
ers that teach?

Are we focusing enough time on the teachers to be able to do
that across the curriculum instead of just focusing on STEM, be-
cause you have instruction and content, process and concepts? You
have deductive, inductive approaches, too, but process seems to be
where inquiry is.

So I was wondering, combining all these questions in one, do you
have some sort of idea what it is that people see that is going on
because I really do not see a constraint.

Dr. LUFT. So I think you are asking me two questions—that is
what I am hearing. I think you are asking me what is it that
makes science as inquiry unique. First off, that

Mr. HONDA. I am asking you what is inquiry?

Dr. LUFT. What is inquiry?

Mr. HONDA. What is teaching inquiry?

Dr. LUFT. Yes.

Mr. HONDA. I mean, if a teacher cannot teach it, how can they
expect it? Are we sure that the teachers are being instructed on
how to do that?
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And if it is only done in four and five, it seems to me that K
through 8 seems to be a strand of instruction when you do inquiry
because we ask our youngsters to check for understanding. We in-
quire, and that is something that youngsters can mimic from teach-
ers when we do that. Am I off base or what?

Dr. LUFT. Do you want to—this is

Mr. STRANG. Yeah. Well, there is a variety of——

Dr. LUFT. There is a variety

Mr. STRANG [continuing]. Directions here. Yeah.

Dr. LUFT. So I think that we are really trying to, if I understand
this, I think we are really preparing our teachers to do science as
inquiry. And in the research that I do, what we really see is that
it is constrained when they first go into the school.

When they graduate from preparation programs, I think they
know and they understand what science as inquiry is and they
want to practice this. But when they first hit the schools, they can
be constrained in the environment if there is not adequate support
or if their other colleagues are not engaging in this. So it is not—
it may not happen for teachers.

Mr. HONDA. It seems to me that through any subject matter, one
can use the inquiry method and teach youngsters by modeling that.
And it is not only— unless you are asking— trying to teach the sci-
entific method in going through those steps and then you do the
observation, note taking, and then you——

Mr. STRANG. Right.

Mr. HONDA. You still can do that, I think, in other instructional
areas where—in an integrated approach to a curriculum and teach-
ers get together trying to figure out how we are going to get this
as an outcome.

And I understand time on task, but I wonder whether we really
use enough time to teach and to rest assured that we are, in fact,
agile enough to understand how to use this in other curricular
areas.

Mr. STRANG. Right. So I will respond with an example. I think
there are many things that are unique about inquiry in science,
about science inquiry. And at the same time, we are doing quite
a bit of work at the Lawrence Hall of Science right now trying to
understand the relationship between science inquiry and literacy
skills. And we think about good thinkers in language arts class-
rooms as being inquirers into text and inquirers into ideas. So
there is some overlap there.

We are in the process of developing a new set of materials that
I think by the time of the next round of science adoptions will be
available on a large scale. The new program is called Seeds of
Science, Roots of Reading and it explores the synergy of the inte-
gration between science and literacy and how students very con-
sciously and directly thinking about the similarities and differences
in how they investigate phenomenon versus how they investigate
text and ideas.

Mr. HONDA. So you are saying that there are these skills that
build upon each other?

Dr. LUFT. Yes.

Mr. HONDA. There is a hierarchy of skills in inquiry?
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Dr. Lurt. That is right. And that there is a curricular economy
in integration that could help to overcome some of these instruc-
tional time issues that are such a challenge at the elementary
level.

So we have students that are doing investigations in their
science class and reading text, reading student reading books that
are written in such a way that they elaborate the concepts that the
students are investigating and teach reading skills at the same
time.

Mr. HONDA. But you are assuming that they are using a textbook
as a guide rather than a teacher’s insights in understanding the hi-
erarchy of these skills and incorporating that as she or he teaches
and leads youngsters through a process?

Dr. LUFT. Yes, absolutely. So teacher preparation and profes-
sional development and the skilled nuanced teacher are essential,
but also good materials that allow a teacher to follow along
through a teacher’s guide that embodies inquiry is also very impor-
tant.

Mr. HoNDA. Well, that is my point, Mr. Chairman, that if the
teachers only depend upon the textbook and they are not taught to
have the insights and integrate within themselves that skill and
understanding of where youngsters are and how to move and
weave this thing, we may not be paying enough attention to where
the problem really lies. And it is us adults assuming that we can
teach to those things because a scientist is skilled in what they do.
And we just all of a sudden understood the contact between phys-
ical and biologic kinds because we are able to get down to the nano
scale. We have other inquiries that we start to develop, but the ba-
sics are still there.

I challenge what you guys are saying about instruction and only
gearing inquiry to the area of STEM.

Dr. LUurT. Maybe I can take another—so science as inquiry is
very unique to science and it is different. Mathematics is problem
solving. And in mathematics, a student in math would never be
able to look at a phenomena as an advanced mathematician does
and create the formulas or the proofs that are needed to explain
the mathematics. But in science, we are really interested in under-
standing the natural world. And it is about making explanations
about that natural world using argument, using evidence, col-
lecting data, and these are unique pieces to science as inquiry and
they are not necessarily transferable to some of the other areas by
the nature of the content with which they are associated.

Mr. HONDA. But is not math a language of science?

Dr. LurT. Math is.

Mr. HONDA. It is a tool of science. And, I mean, if you want to
get that way, you can send a youngster through a neighborhood
and over time, they can figure out the facts and say every time I
go down the street, I am going to get hit, so I have to figure out
another way of getting around it.

Intuitively they have ways of looking at a problem and solving
it and we just have not figured out how to transfer some of
that——

Dr. LUrT. Right.
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Mr. HONDA. [continuing]. Just trying to have us reshift our
thinking. And then, Mr. Chairman, if I could just close with this
one comment.

We have something like a little over $2 billion invested in I think
120 STEM education programs by 12 agencies, none of which are
coordinated. Do you think that—you know, I have a bill called
ESTEM where we asked ourselves to gather all this information.
We have a repository where we can take advantage of the informa-
tion that is gathered by all these grants and research.

Is that a need as far as having a place where we can go and get
the information that has already been figured out but never been
shared or coordinated or have some cohesion about what we have
already?

Mr. STRANG. Well, coherence is good. So the more coordination
that can be achieved through the science agencies, the better. And
different science agencies are engaged in different fields of sci-
entific discovery and so have different new material that gradually
should become part of the science education curriculum nationwide.

So there is a role for the separate agencies to be exploring and
discovering in their respective domains. And then, of course, edu-
cation efforts should be coordinated with the goal of coherence. And
we are hoping that the common standards, the common core will
help to achieve some of that coherence in the near future.

But a lot has changed in the world of science discovery since the
National Science Education Standards were published in 1996. So
clearly we need some updating of what we think students should
know and understand by the end of twelfth grade.

M‘I?‘ HONDA. So we do not have anything that does that right
now?

Mr. STRANG. Correct.

Mr. HONDA. Do we need one?

Mr. STRANG. One what?

Mr. HONDA. To do that function that you just described.

Mr. STRANG. One agency or one what?

Mr. HONDA. Way. I mean, should we spend some time to do that?
Is it worth the time?

Mr. STRANG. Sure. I mean, I think that coordination is important
and that the discoveries that are coming out of NOAA and NASA
and NSF have to be looked at in the context of what are the salient
ideas that kids need to know in order to have access to these new
discoveries as adult learners.

Mr. HONDA. I would ask if you would not mind just reviewing
that bill and see if there is a—just getting your reaction, profes-
sional reaction.

Mr. STRANG. Of course.

Mr. HONDA. Appreciate it. Thank you.

Thank you, Mr. Chairman.

Mr. MOLLOHAN. Thank you, Mr. Honda.

A recess we have. I apologize to the panel. It is part of the proc-
ess here. We have about five votes and a recommit which means
we are probably recessing for about a half hour.

Mr. STRANG. Okay.

Mr. MOLLOHAN. And we will be voting down there and so thank
you for your patience.
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Mr. HONDA. Thank you.
[Recess.]

ASSESSING STUDENT INQUIRY

Mr. MOLLOHAN. The hearing will come to order. We will continue
the hearing by calling up Mr. Schiff.

Mr. ScHIFF. Thank you, Mr. Chairman. First of all, I want to
say, Berkeley, we have a witness from Cal, I mean, where are the
standards, Mr. Chairman? What, what—sorry, it is the Stanford in
me coming out. But I was reading your written testimony, and
plainly if you look at the map here you can see that the land is
far more than 30 percent. I mean, look at that. Just look how big
Antarctica is. It could not possibly be less than 50 percent land.

Thank you both for coming today. I concur completely with the
thrust of your testimony in terms of inquiry-based teaching. And
when I think back about my high school years in particular the les-
sons that stand out to me were very inquiry-based, were very kind
of innovative and not rote memorization. I had a wonderful teach-
er, for example, who gave us a test, a pop quiz that was impossibly
difficult. And we were all in a panic because it was horribly impos-
sible. And we were failing it. And then he revealed afterwards that
this was the same exam they gave African Americans in order to
qualify to vote. It was the polling exam. And it was a very clever
way of teaching us that the exam was meant for them to fail. And
it was a lesson I remember to this day because of the innovative
way it was taught. I mean, had they just said memorize the fact
that they used to require African Americans to take this test be-
cause they wanted them to fail and not be able to vote, I would
probably never have remembered that. But at one point he would
assign more and more homework and more and more homework.
It got impossible to do and we got together as students and pro-
tested. And he was teaching us about collective bargaining. It was
really quite wonderful.

And the question I have is, you know and I think this is perti-
nent in light of the fact that we are looking at reforming No Child
Left Behind. There are some laudatory goals in No Child Left Be-
hind. We want ways to measure student achievement. We want to
be able to compare school to school. We want parents to be armed
with information so they can say to schools similarly situated
socioeconomically, et cetera, why is one doing so much better than
the other? The parents at the school not doing so well can say why
are our kids not doing as well? How do you measure achievement
in an inquiry-based learning environment? If you are not teaching
to the test, how do we measure, how do we hold accountable? What
are your thoughts on that?

Mr. STRANG. Well, there are assessment tools available that look
at the requisite inquiry skills and I think those tools are available.
And again, the question is are the results of those assessments,
when we look at them and find out how students are doing, are
those results valued compared to results of content knowledge, un-
derstanding, and even more importantly reading and math skills?
So I think the tools exist. They are a little bit more complicated
to administer. They are more like performance tasks, and open
ended constructive response items on assessments. They tend not
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to be multiple choice, scannable tests. But they certainly exist and
are available for school districts that want to use them. The ques-
tion is, what is the value of using them if nobody cares what the
results are?

CREATIVITY AND INNOVATION

Mr. ScHIFF. It has always been considered a strength of edu-
cation in the United States, and maybe part of our culture also,
this propensity we have to kind of question things, not do things
by rote, think outside the box. It has been a competitive economic
advantage for us vis a vis other countries that have turned out
much greater numbers of college graduates. How have we been
able to do that? Are we doing less of it now because we are, you
know, sort of teaching to the test, and going to a more rote system?
What are other countries doing? Is China teaching with an inquiry-
based system, or Japan, or Germany, or India? How do we com-
pare? Are we losing our advantage?

Dr. LUrT. I think the U.S. education system is the best in the
world. And it gives a lot of graduates, we can say this at the uni-
versity level, people come from all over the world to study in our
system. So this system is amazing in its commitment to every stu-
dent in this country. And we have to realize when we think broadly
not all countries are committed to every student. So that is some-
thing to always keep in mind.

But I think one thing that is really promising that we are doing
in terms of even coming more to a consensus about what we should
be teaching in science is we are working to really identify some
core standards. And I know the common core is coming up, it is up
in English and mathematics, they are working on that, this is
promising. And what it brings forward to science are the key ideas
and the central ideas that are really important that we need to
come around. So we are not trying to teach a lot of things; we are
teaching the very few important things really well. And when we
look at other countries, that is what we see. We see some very clear
expectations of what students are to know and opportunities for
those students to learn. But when we do look at other countries
too, I want to stress this, in some of the countries we do not see
as much inquiry as we are really promoting here. And I think the
value behind inquiry is the innovation that it gives this country to
be on the front edge of the ability to solve problems and to really
think outside the box. This is something that this country has al-
ways been dedicated to. And I think our curriculum really supports
that. And I am encouraged greatly by thinking about the common
standards. I think that will really help move us along greatly.

Mr. STRANG. I will just add that at the Lawrence Hall of Science
at U.C. Berkeley we have a fairly constant flow of visitors from
Japan, China, Singapore, et cetera. Countries that all score higher
than the United States in the international assessments of math
and science. And they are coming to the United States, and to Cali-
fornia, and to Berkeley in particular, to learn about inquiry. And
they are scoring high, their students are scoring higher on their
tests. But their students are not engaged in science, and not con-
tinuing in science at the secondary level. So they are coming to us
to learn about this sort of magic of teaching kids how to think, and
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how to get excited about the natural world, and how to investigate
and puzzle through problem solving and answering their own ques-
tions. And I think many of those countries are superb at imple-
menting science education programs, but not very good at design-
ing science education programs. And I think the United States is
exactly the opposite. We have this sort of cutting edge, brilliant
thinking about the design of programs but we are very challenged
at implementing, as we are hearing about today, and providing this
inquiry-based opportunity for a large population of students in
school districts and states all over the country that have different
standards and different assessment tools, etcetera.
Mr. ScHIFF. Thank you, Mr. Chairman.

IMPORTANCE OF STEM EDUCATION

Mr. MoLLOHAN. Thank you, Mr. Schiff. Mr. Culberson.

Mr. CULBERSON. Thank you, Mr. Chairman. The work that you
are doing that we are talking about today I think is among the
most important things we can possibly do to help strengthen the
country in the future. I completely agree with the Chairman about
inquiry-based education. And am delighted to see the support that
the Committee and the administration have for strengthening the
existing programs at NOAA, and the National Science Foundation,
and NASA to help teach teachers to do a better job of teaching
science and to strengthen these programs at the district and the
state level. My only concern is to be sure that if states or districts
accept the money that we are not imposing national standards on
them. I am a big believer in education is not under the Constitu-
tion under the tenth amendment, it is reserved to the states. And
that would be my only concern, Mr. Chairman. I am just delighted
that you have called this hearing and very, very supportive of this
work and this effort. Thank you, sir.

STANDARDS OF LEARNING

Mr. MOLLOHAN. Thank you, Mr. Culberson. Mr. Fattah.

Mr. FATTAH. Thank you, Mr. Chairman. Let me thank the wit-
nesses. I have introduced legislation in support of common core.
And I think that the fact that the states and the governors have
gotten together and have agreed that there really is not any dif-
ference, you know I represent Philadelphia, Pennsylvania, but
there is really no difference in algebra in Philadelphia, Pennsyl-
vania and algebra in Philadelphia, Mississippi. I mean, there are
really, you know, through a number of analyses we know with a
certainty that most of our children do not get the higher order
math in the order that they need to receive it to, by direction of
the College Board twenty years ago, about where the sequencing of
these courses should come. But that is really not happening. It is
not happening in Pennsylvania, or in West Virginia. It is not hap-
pening in Texas.

I mean, so the fact that children do not, the fact that children
do not achieve as well as we would like them to is not really new.
In fact, when the Nation at Risk study came out in the 1980’s it
talked about the dearth of our young people being able to pursue
rather science or math. Most of our children in this country are not
taught math and science by a teacher who majored or minored in
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the subject matter. And it is impossible for one to transmit infor-
mation that they themselves do not have. And I have spent a lot
of time looking at some of the challenges, and you know, states
have been wrestling with this. The common core, I think, gets at
this in a way in which even me and my colleague from Texas can
agree since this is a state-driven initiative by individual states who
have gotten together to say that we really need to, I think it was
President Nixon who said it was a national imperative, that we
really do need to make sure that our young people gain an ability
to critically think and analyze.

So I want to thank the Chairman. He has done a great deal with-
out notice over the years to promote science and math through the
work of this Subcommittee. And there is more that we need to do.
And we have problems all the way throughout our system. We have
almost, I mean I do not want to be overly dramatic, which is the
way it is done here in Washington, but there is a significant ab-
sence of native born Americans pursuing terminal degrees in math
and science. So that when we talk about, if we looked at the Na-
tional Nuclear Security Agency, who are handling our nuclear
stockpile, as these people are checking out, that is retiring out, and
some 80 percent, 85 percent of the workforce is leaving in the next
decade, in terms of young people pursuing nuclear physics, and
some of these other, you know, needed disciplines, there is going
to be no one to even hire that meet the security requirement of
being an American citizen to be able to do this work.

So we have to do something. The idea that education is a local
prerogative, and that people can decide how dumb they want their
children to be, and it is no concern to us if they do not want to pro-
vide an education, no that is not true. And that is why in this
international competition economically we are getting our clock
cleaned by nations that have really devoted themselves to driving
math and science through to their young people. And many of these
countries, you know India has got a billion people. So, you know,
if we have got a much smaller population, and there is some who
would like us to have even less of a population, you know, in terms
of immigration issues, then we are going to have to be a lot smart-
er if we are going to compete. You know, and then China has got
even more people. And they are ramping up their education sys-
tem.

So, you know, when Japan was out-competing, out-producing us
in engineers, you know, a couple of decades ago, people said, well,
it is a much smaller country. You know, it does not really matter,
and so on. Now China is out-producing us in the production of engi-
neers and it really does matter. You know? And it really will have
an impact.

So I just want to thank you for the work that you are doing. And
I want to thank the Chairman for putting a focus on this at the
very front end of the work of the Subcommittee as we go forward.
Because when we talk, when we are out on the floor talking about
jobs it really starts with the work that you are doing. That if we
do not do something about this it is impossible for us to be competi-
tive economically and to have the job base that we want to have
in this country. So thank you.
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SPREADING INQUIRY-BASED INSTRUCTION

Mr. MoLLOHAN. Okay, thank you, Mr. Fattah. We talked a little
bit earlier about if there is a consensus among those who really
think about these things that inquiry-based STEM education is the
best way to proceed. How do you get a broad based consensus, and
then how do you get broad based implementation? And is that the
crux of the challenge we face? Dr. Luft.

Dr. LurT. I think it is two-fold. You know, we have to get the
information out there. And I think teachers really do agree, again
I want to stress it, they do agree that science as inquiry is a great
way to teach but they feel incredibly constrained.

. 11\/({12 MoOLLOHAN. Now you are talking about teachers out in the
ield?

Dr. LUrT. I am talking about teachers out, and teachers that I
prepare. So I work very closely and monitor a lot of what happens
in teacher preparation. So across the continuum: pre-service teach-
ers, new teachers as well as experienced teachers. And I think they
are excited about inquiry and what it offers. But I think, again,
they are very constrained by sometimes the, as we have talked
about extensively about here, is the testing that is imposed on
them to meet those standards.

Mr. MOLLOHAN. So what are the impediments? Testing?

Dr. LurT. Testing is a big one. I think also having the fiscal sup-
port for getting the materials into the classroom.

Mr. MOLLOHAN. Materials?

TEACHER’S CHALLENGES

Dr. LurTr. Having some personnel that can actually support
them, which would be important. Professional development pro-
grams that are extensive, so we know, actually the research is pret-
ty compelling that we are looking at threshold hours, they said
sixty yesterday, the data I have seen has said eighty. There is some
effect, but then when you push up to 160 you start to really get
an effect of using inquiry. So

Mr. MOLLOHAN. And that is retraining the teachers? Reteaching
the teachers, 180 hours you are really

Dr. LUFT. Professional, extended professional development. Yes,
yes, I think you are right. Training the teachers. And it is really
giving them deep opportunities to learn the content but to also
work with their peers. So some of the more compelling work that
is coming out is talking about teachers in communities. So as
teachers work together to examine students’ work they can really
see what they are doing, and they can make decisions about what
they need to do in the curriculum to enhance the work that they
are doing in the classroom. And schools are set up, though, not to
give teachers this kind of time. Schools, by the very nature of their
construction, do not give teachers enough time to sit and reflect
and really understand what their students know. I mean, to do
that these teachers would have to pore over the work. They would
make judgments about the work, and they would say, well what
am I going to do next? And schools do not allow that, because they
start at 7:30 in the morning, and these teachers are with these stu-
dents the entire time until they go home.
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Mr. MOLLOHAN. So you really have to do that outside the class-
room, and probably outside the school year in some sort of retrain-
ing program, and materials and——

Dr. LUFT. But, but yes

Mr. MOLLOHAN [continuing]. The money to do that, and
incentivize teachers to actually come into those programs.

Dr. LUFT. So you are——

Mr. MOLLOHAN. You probably have to work with stipends.

Dr. LUFT. So you are giving them another, I just want to be very
clear about this, you are giving them a second job on top of their
current job. And I think all of us in our profession, we have, I have
opportunities, my university says, Julie, we want you to get some
training. We are going to give you two weeks off to go get that. You
know? Because it is that important that you bring it back to us.
And I think we have to think

Mr. MOLLOHAN. Is that two weeks off paid?

Dr. LurT. If it is affiliated with my work

Mr. MOLLOHAN. Yes. Sure. I mean——

Dr. LUFT [continuing]. They will work with me on it. Yes. Yes.
I can work my schedule.

Mr. MoOLLOHAN. I think you have to be unapologetic about that,
to tell you the truth.

Dr. LUFT. Yes. Yes. No, no. But I am paid by a taxpayer.

Mr. MOLLOHAN. Because there are a lot of teachers out there
that they only time they have to relearn is during the summer, and
they have got a lot of things to do in the summer.

Dr. LUFT. And it gets worse.

Mr. MOLLOHAN. If this is important.

Dr. LurT. Absolutely. And it is worse than that. So these guys
not only want to improve their practice, they are working with kids
and they cannot get the time off during the day to think about it.
But say they want to go to a conference to meet with other people
who are excited about what they are doing. They cannot get the
time off from their district to go to these conferences because the
district cannot give them time because they do not have enough
subs. So the very barriers, the very barriers that are in place are
keeping these teachers from doing the work that they want to do
and need to do.

Mr. MOLLOHAN. Yes. Assuming we have got all the right
things——

Dr. LUrT. These pieces, yes.

Mr. MOLLOHAN [continuing]. You should be doing. Mr. Strang.

Mr. STRANG. Yes, so I think our schools are set up in a way that
we assume that once a teacher is ready to teach that all they need
to do is just teach. And none of our jobs are like that, and we are
expected to grow, and continue learning, and to interact with our
colleagues and our peers on a regular basis. And it takes up a lot
of our day each day. And I think we need to rethink the learning
and the teaching environment. If we are expecting kids to engage
in inquiry, then teachers need to be engaged in their own inquiry,
and adult learning, and extending their own practice in the same
way that they are expecting their kids to.

And I think there is a tremendous amount of evidence that even
with extended teacher professional development, teachers’ beliefs
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and understandings, their knowledge and beliefs, change long be-
fore their practice changes. And this is true of all of us, but we ob-
serve it very clearly in teacher professional development. That
teachers take the pre- and the post-survey. They tell us that, oh
my God, this is changing my life. I am going to, you know, I get
it, I understand, I am never going to teach the same way again.
And we go back into their classrooms a month or two months later,
and we observe their lessons, and they are teaching the same way
they did last year.

So this is the sort of ongoing professional development that Dr.
Luft is talking about, where teachers need to be trying something
out in a scaffolded, structured environment, gathering student
work, bringing it back, sharing it with colleagues, watching video
tapes of themselves teaching, observing their colleagues teaching,
and really thinking, how do I know what my kids are learning?
How do I know what is in their heads? And when I find out what
is in their heads, what is it that I can do to make them turn this
way rather than that way? And at what point in my lesson could
I have asked a different question, or provided additional experi-
ences, gone back to observing the phenomenon, etcetera, that could
have overcome that potential misconception that is building in my
kids’ heads? And I think, you know, that is challenging, thoughtful
work, not to be taken lightly. And it is not just going to a workshop
and coming back and, oh I get it, I am different now. It is just as
hard in a teaching setting as it is in any of our professional lives,
to actually change our practice.

Mr. MOLLOHAN. Sounds like some really good elements for a
demonstration project you all are coming forth with, here.

TEACHER PREPARATION IN SCIENCE

Mr. STRANG. Yes. And I want to also just comment on something
that Mr. Fattah said about the importance of having people in
schools teaching science that have some background in science.
And that is a challenge at the secondary level. It is almost an im-
possibility at the elementary level.

Mr. FATTAH. At the elementary level it does not exist.

Mr. STRANG. Yes. And I think this notion of attracting our best
and brightest science students into the teaching profession is very
important. And there are many high quality programs, like Dr.
Luft’s at Berkeley. There is the Cal Teach program that is a teach-
er preparation program that attracts science students in particular
into the teaching professions. There are examples of those things.
But broadly across the country there is still a phenomenon in
science departments in universities that scientists, faculty, consider
it a failure if their graduate students go into teaching. That is con-
sidered second, or third, or fourth class. And I think that this re-
flects the view of the American public of the teaching profession.
And that part of our job also is to elevate the teaching profession
and make this a desirable, noble job for teachers to pursue, for stu-
dents to pursue from all different disciplines.

STEM EDUCATION AND THE DEPARTMENT OF EDUCATION

Mr. MOLLOHAN. You all, I bet, interact with the Department of
Education?
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Dr. LUrT. I have. I have had projects that have been affiliated
with the Department of Ed.

Mr. MoLLOHAN. What is the Department of Education doing in
this area?

Dr. LUFT. I mean I think this, you know——

Mr. MoLLOHAN. But I mean to facilitate the national adaptation
of inquiry-based learning, and the teaching the teachers that needs
to happen in order to accomplish that? And getting the materials
out that need to accomplish that?

Dr. LUrT. I think one of the

Mr. MoLLOHAN. Which I want to get into a little bit.

Dr. LUFT. Yes. I think one of the big initiatives that just, I mean
you did form, their Math and Science Partnerships were moved to
the Department of Ed.

Mr. MOLLOHAN. I am sorry, what?

Dr. LUrT. The MSPs, the Math and Science Partnerships were
moved there. So that has been their responsibility, to try to cul-
tivate and support these partnerships. But I think the work, and
it is very good work, it is very important work, but I think the co-
ordination that is coming from the science community, or the ef-
forts that are coming from the science community, NSF, those are
the pieces of work that are really at the heart of the matter of the
materials and of the professional development opportunities.

Mr. MoLLOHAN. Why is Education not doing this? I mean, they
are the ones who would know this before we would know it, sup-
posedly.

Dr. LUFT. Are you talking about the Department of Education?
Or are you talking about educators? Or

Mr. MOLLOHAN. I am talking about the federal government. We
are an Appropriations Committee, and at the end of this I am
going to ask you for some suggestions, guidance on funding. And
maybe doing a demonstration.

How you would like to see that happen. We are going to invite
you to help us with that. But right now I am asking you, why is
the Department of Education not, if there is that consensus out
there among the thinkers, and it is not being readily, or quickly,
integrated into the educational system in these areas, STEM areas,
across the country, what is the Department of Education doing
about that? And why, are they doing it well? Or are they not doing
it well? And if they are not doing it well, why not?

Dr. LUFT. Their work is different. I mean, I think——

Mr. MOLLOHAN. The Department of Education?

Dr. LurT. Well, they have the MSPs and they have the IES
grants, the institute grants which develop research, and they are
looking for degrees of scale-out in terms of implementation. But
when you go into in a separate, so somebody who has worked, you
know, remotely with some of those projects and been involved on
them, it is not the level, it is, there are different types of projects.
I think when you go to NSF you have an investment in curriculum
materials, and the development of curriculum materials.

Mr. MOLLOHAN. But I am actually talking about changing the
culture. You would think that it is ubiquitous, it sounds like. They
would have to go in and really change the

Dr. LUFT. But they are not. It is not there.
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Mr. MOLLOHAN. I mean, some national symposium, or some na-
tional study that would redefine how science and math should be
taught in education. It seems you would have to deal with it at this
level. Because we are down here doing model projects to prove out
what has already been proven. Because you have told me, and the
last panel told the Committee that inquiry-based education is the
way to go. So if that is an established fact among the thinkers then
it seems to me the next problem, the real thing that has to happen,
is to get it down to it.

Mr. CULBERSON. Mr. Chairman.

Mr. MOLLOHAN. Well, let them answer that, John.

Mr. CULBERSON. Maybe a little help on this?

Mr. MOLLOHAN. Well, let me ask them to help first.

Mr. CULBERSON. Sure.

Mr. MOLLOHAN. And then I will get right to you.

Mr. STRANG. Well, I think this gets back to some of my earlier
comments about first of all, sort of a disconnect in priorities. That
despite the fact that we know what works in science, science in
general is not a priority in our education system.

Mr. MOLLOHAN. Oh my gosh. That shocks me because, and I said
this yesterday, that every year the National Science Foundation
comes up here and reports on the status of education in America.
Science, our students are always behind, as Mr. Schiff and Mr.
Fattah pointed out, always behind the world in that. I just have
to

Mr. STRANG. Yes.

Mr. MOLLOHAN [continuing]. At least as it is presented to us
through NSF

Mr. STRANG. Right. So——

Mr. MOLLOHAN [continuing]. It sounds like it is a problem.

Mr. STRANG. Yes. And so, and my earlier comments were that I
think that the science agencies, NOAA and NASA and NSF in par-
ticular, need to play a lead role in

Mr. CULBERSON. Bingo.

Mr. STRANG [continuing]. In getting——

Dr. LUFT. Yes.

Mr. STRANG [continuing]. Science education out there in schools.
That we cannot expect educators with no background in science to
be promoting and implementing and disseminating——

Mr. MOLLOHAN. Ah.

Mr. CULBERSON. That is the key.

Mr. STRANG [continuing]. High quality science education strate-
gies.

Mr. MOLLOHAN. Department of Education?

Mr. CULBERSON. That is what I was going to

Mr. STRANG. And I think that, you know, I go into elementary
schools in California where the school principals are telling their
teachers, do not open that science kit until your reading scores are
raised.

Dr. LUFrT. That is right.

Mr. STRANG. And all the research points to the fact that if they
open the science kits, the reading scores would go up. But they are
telling their teachers, ubiquitously, across the board, science is not
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a priority. It is not a priority until your math and your reading
scores are up above this line.

Mr. MOLLOHAN. Okay, that is interesting.

Mr. STRANG. Because we get hit over the head if the reading
scores are not up. It gets published in the newspaper. 100 per-
centile, 100 percent science scores do not help us a bit when the
scores get published in the newspaper.

Mr. MoLLOHAN. Well, No Child Left Behind ought to hear this.
John.

Mr. CULBERSON. Thank you very much, Mr. Chairman. That is
the point I wanted to drive home. You are exactly right. That the
key is that the National Science Foundation, NOAA, NASA, but
particularly NSF need to be the lead on this. And when you get
professional educators

Dr. LUrT. That is right.

Mr. CULBERSON [continuing]. Educrats, as I like to call them, in
charge of this they screw it up because they do not understand how
important it is. And the root of the problem, Mr. Chairman, I think
is, one of many bills that President Bush pursued that I voted
against and opposed, in his last, second to last bill, remember Bush
pushed a bill that transferred responsibility for science education
from the National Science Foundation to the Department of Edu-
cation.

Dr. Lurt. The MSPs, that was the MSPs.

Mr. STRANG. That was the MSPs.

Mr. CULBERSON. It passed the House. I opposed it. I do not know
what happened, I guess it passed in the Senate. Sometimes you
lose track of these things. That is the root of the problem. And that
is what they are testifying about, is at the Department of Edu-
cation they are just typical bureaucrats. They do

Mr. MOLLOHAN. John

Mr. CULBERSON [continuing]. Not have their priority right.

Mr. MOLLOHAN [continuing]. You do not have to be disparaging.

Mr. CULBERSON. I will be nice. But, I mean, NSF, we need to se-
riously

Mr. MOLLOHAN. It is President, President Bush.

Mr. CULBERSON. By President Bush, unfortunately, this is one of
many things he did that I voted against. And we need to get it back
?nd NSF needs to be the lead agency. That is the root of the prob-
em.

Mr. MoLLOHAN. Well, that is very interesting.

Mr. FATTAH. Mr. Chairman, this could be a major breakthrough.
I think I heard my colleague say that these federal agencies should
put together a national science curriculum?

Mr. CULBERSON. No, no, no, be the lead to——

Dr. LurT. Lead——

Mr. FATTAH. Oh, I am sorry, I did not hear that——

Mr. CULBERSON. With incentives, as I heard the Chairman say.
We need to do it through incentives. But NSF clearly needs to be
the lead, Mr. Chairman. And whatever we can do to undo making
the Department of Education the lead and put NSF back in charge,
they would work wonders.

Mr. MOLLOHAN. Okay. Thank you.

Dr. LUFT. It competes with everything.
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Mr. CULBERSON. Is that correct?

Dr. LurT. That is absolutely

Mr. STRANG. I think there are some studies, some actual cross
site analysis of the Math and Science Partnership programs that
were run by NSF compared to the Math and Science Partnership
programs that were run by the Department of Ed. And across the
board, the NSF run programs had stronger outcomes.

Mr. CULBERSON. Yes, that is the root of the problem, Mr. Chair-
man.
hM‘I;. MoLLOHAN. Did you get that study down? What study is
that?

Mr. STRANG. I can send you a citation?

Mr. MOLLOHAN. Please do.

Mr. STRANG. Let me make myself a note.

Mr. FATTAH. Yes, let me just, I am sorry?

Mr. MOLLOHAN. No, Mr. Fattah.

SCIENCE TEACHER CERTIFICATION

Mr. FATTAH. You know, all joking aside, I just want to make sure
that the record is clear. I mean, as long as we understand that at
this point in time, at the pre-high school in our country, none of
the teachers are even subject certified for the most part.

Dr. LUrT. That is right.

Mr. FATTAH. So that in terms of science and all that, in terms
of our international competitors they are so far ahead of us by the
time our kids show up at high school. And then in many of our
both urban and rural areas, and you can go to great, you know,
states like my own, you can go to Texas, you can go to West Vir-
ginia, there are schools that do not have, they do not have science
labs. You know, the Washington Post had a front page story a few
years ago, it said that, you know, they focused on one school inside
a city, and one school right outside the city, in walking distance lit-
erally across the county line. And they described one, and they said
one of them had a science lab, and it had, you know, microscopes,
and it had, the whole science faculty had advanced degrees in
math. And the school had, you know, just, it was a wonderful story.

And then they talked about this other school. And it did not have
any working equipment. It had no lab of sorts for kids to do experi-
ment and so on. And nobody had to guess which school was inside
the city and which school was in the suburbs. And you did not even
have to think about which city, because we know that exists all
over our country. And so, you know, we should not be, it is intellec-
tually dishonest for anybody to be surprised when our kids do less
well when we test them under these various testing schemes. Be-
cause we know that we are giving them less of everything we know
they need in terms of learning. So that at the end of the day, you
know, that is the challenge that we have. That if we want to do
differently we are going to have to act in a much different way.
And it will have to be a scale.

And the Chairman is right. We know what works. You know? It
is just a question about whether we are going to decide that we are
prepared to do to make sure that children are exposed to quality
teaching, and, you know, and a rigorous curriculum. Because that
will require an investment. And sometimes the tradeoffs between,
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you know, tax cuts and investing in education politically are more
instantaneously rewarding than, you know, it takes a kid, you
know, seven years at Penn to get a Ph.D. in math. So if you are
starting to worry about this kid in preschool, all the way up to
there, you know, it is a thirty-year pipeline.

Mr. CULBERSON. Well, if the gentleman would yield?

Mr. FATTAH. And, you know, we do not have the patience for that
in Washington. You know, we do not, it is hard for us to see that
far.

Mr. CULBERSON. I really do share, if I could, Mr. Chairman, very
briefly, I really want to help you with this. This is, I think, as im-
portant to our national security as any investment we make in
intercontinental ballistic missiles, or nuclear submarines. Investing
in science education, and getting NSF back in the drivers seat I
think. I want to help any way I can, Mr. Chairman. I am with you.
Thank you.

Mr. MOLLOHAN. No, I welcome that offer for help, particularly
from the gentleman. I just want to point out it is going to cost
money.

Mr. CULBERSON. No, I am there. Science education, I am there.

Mr. MoLLOHAN. Okay, that is great.

Dr. LUFT. It is the most important thing we can do.

Mr. CULBERSON. As long as there are not national standards.

Mr. FATTAH. Bipartisan

Dr. LUFT. There are national standards——

Mr. CULBERSON. As long as there is no national curriculum, I
should say.

EDUCATIONAL MATERIALS

Mr. MOLLOHAN. Let me, I would like to explore, thank you,
thank the gentleman. We will count on it. I would like to explore
just a couple of topics here quickly. Materials, we have a lot of ma-
terials that are produced by, or do we? Do we have a lot of national
textbook material production folks? Or is that pretty well con-
centrated? And are they embracing inquiry-based education in the
curriculum materials that they are producing for school systems?

Mr. STRANG. Well there are many textbook publishers that de-
velop and publish and distribute textbooks. There are really only
a handful of instructional materials developers that embody in-
quiry-based science methods. So that is a smaller subset.

There is the Lawrence Hall of Science and Education Develop-
ment Center, TERC in Boston, BSCS, there is—you can count them
on one or two hands.

Mr. MOLLOHAN. That do inquiry-based materials production. Is it
a comprehensive across all the topics you would teach in these
areas and for the various grades?

Mr. STRANG. They are—go ahead.

Dr. LUFT. Oh, no, go ahead.

Mr. STRANG. Well they are developers of comprehensive cur-
riculum materials, they are also sometimes the same developers
also produce supplemental or enrichment materials or modular ma-
terials that can be inserted into other programs. So the range is
available, and there are comprehensive materials K through 12, life
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science, Earth science, physical science that are available for large
scale adoptions.

Mr. MOLLOHAN. Yes, doctor.

Dr. LUFT. I concur. I mean, I think that is—there are the mate-
rials there, it just becomes—as you get into the secondary level the
materials issue becomes a little bit more complex because some-
times you need more advanced materials in order to run the inves-
tigations.

So the limiting factor, I mean, you are talking about—you could
be talking about microscopes or using advanced equipment. So
sometimes just doing some really important investigations are
more—require more materials.

Mr. MOLLOHAN. Uh-huh. Well the same, if these—Prentice Hall,
that sticks in my mind. Is that a——

Dr. LUFT. That is a publisher.

Mr. STRANG. Textbook publisher, yeah.

Dr. LUFT. Textbook publisher.

Mr. MOLLOHAN. Of academic, yeah. Produce materials and
brought them down to a middle school and said we have a whole
new set of this inquiry-based and then we have the traditional
things you have been buying for years, and gee, you know, we are
selling books so we will sell you either group. But that isn’t avail-
able is it? I mean

Dr. LUFT. The problem isn’t—I mean, I don’t want to—the mate-
rials are an important piece of this, but the problem is the support
that goes on with it. You know if I buy the materials that is
fine——

Mr. MoLLOHAN. How do I teach?

Dr. LUFT [continuing]. But how do I really teach using those ma-
terials is a key piece, and districts don’t have money or they don’t
have the person who is knowledgeable to support the use of those
materials or the teachers.

And we know this too, that teachers can have access to great ma-
terials, but they can be used in ways that aren’t productive.

Mr. MOLLOHAN. So this has to start back in the education—
teacher education.

Dr. LUFT. It has to—you have to hit it all the way through. I
mean, you have to always make sure that if you want good science
instruction you have really got to make sure that you support it
when teachers are in schools, and this is having teachers have ac-
cess to how to use the materials.

Mr. MOLLOHAN. Yes.

Dr. LUFT. Just buying the materials, anybody is happy to sell the
materials, but supporting the materials so the teachers really take
that, and studying—it is working with the materials to uncover
student’s understanding so that we know what to do next.

Mr. MOLLOHAN. Yes.

Dr. LurT. That is a very powerful piece.

Mr. MOLLOHAN. So it really is a cultural issue. It is all these
threads have to be changed in order to——

Dr. LUFT. Yes.

Mr. MOLLOHAN [continuing]. And it has to be coordinated in
order to shift.
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Dr. LUFT. You are right; in pre-service it is very important that
we support these teachers and help them understand how to use
the materials. I mean, that is a big piece of it also.

Mr. STRANG. Right. And providing teachers with a consistent
message all through their educational career.

Dr. LUFT. Yes.

Mr. STRANG. Including their professional development.

Mr. MOLLOHAN. Yes.

Mr. STRANG. And as a practicing teacher, you know, there should
be, I would hope, some unity in the message that they are receiving
about these different methods.

The other thing that I just wanted to mention is that when you
talked about Prentice Hall saying well we have two sets of mate-
rials, the traditional and the inquiry, it is a little bit more com-
plicated than that, because the nature of the development of those
materials is very different. And while a textbook publisher can take
the most recent set of standards from any particular state and de-
velop a textbook very quickly that addresses everyone of those
standards, the development time line for inquiry-based materials
might be three years and require a significant investment in the
design and development because they are research-based, they are
applying educational research and pedagogy, they are extensively
pilot tested, field tested, revised and field tested again before they
hit the market, and textbook publishers are not typically set up to
do that kind of development. That is why we depend on NSF and
NOAA and NASA to support the design and development of those
materials and then we establish relationships with publishers for
the distribution. But without the initial investment from the
science agencies the materials would never be developed.

Mr. MOLLOHAN. Thank you for getting that on the record, that
is very important to this Committee, because we are interested in
supporting that. But it does make the point that materials is devel-
opment and integration and support for its integration is a real in-
hibitor to moving in this direction.

Dr. LUFT. But also providing:

Mr. MoLLOHAN. Correct?

Dr. LUFT. Yes.

Mr. STRANG. And the support.

Dr. LUurT. And the support. But I think what would be really
great is if NSF did some of this originally was when they developed
these materials—and I know that you work with curriculum agen-
cies or with the textbook companies to do the dissemination—but
it would be really fantastic if NSF would help develop these mate-
rials and also help put them in schools. So if we bypass some of
the people who are selling them, but having the people who are de-
veloping them really working with teachers to help them put them
in schools that would be fantastic. And originally that was done a
long, long time ago that was part of the initiative

Mr. MOLLOHAN. Where was that done?

Dr. LurT. In the—at Sputnik. It was an outgrowth of Sputnik.
They actually had the people who were developing the materials
were also supporting to put them in schools.

Mr. MOLLOHAN. I guess there is an example out there that we
could go look at.
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Dr. LurT. It is a historical example. But now we move through
textbook publishers. You may or some do or some don’t, but the
idea there is this long-term investment even beyond the develop-
ment of the materials so that it can get into schools and with
teachers from the people who had envisioned how they were to be
used.

Mr. MOLLOHAN. So who would do the support? I know who would
develop the materials, that is the textbook people. If there were a
demand out there they would spend the three years developing the
materials, but who does the support and where do the resources
come? And obviously that would take a lot of re-teaching and re-
traiﬁlin?g. How do you teach this material? So whose responsibility
is that?

Mr. STRANG. Well when—I will speak for my institution at the
Lawrence Hall of Science. When we develop materials we assume
that the development and publication of the materials is the first
half of our job.

Mr. MOLLOHAN. Yes.

Mr. STRANG. And we are very deeply involved in the support of
the implementation of those materials. So we establish professional
networks around the county, centers around the country that are
supporting the local implementation of our materials. And the lead-
ers of those centers come to Lawrence Hall of Science and go
through days or sometimes weeks worth of professional develop-
ment with us.

Mr. MOLLOHAN. Is that supported by the marketplace or the edu-
cational systems in each state or county, or do you have a grant
that is supporting that all the way through?

Mr. STRANG. Our involvement is typically supported by grants,
typically NSF.

Mr. MOLLOHAN. Ah.

Mr. STRANG. And——

Mr. MOLLOHAN. So you are—I am sorry to interrupt you. Let me
just understand each piece and you remember what you were going
to say, if you will.

So you have the grant that helps develop the materials, and also
as an academic institution supports the integration of those mate-
rials into the classroom

Mr. STRANG. That is right.

Mr. MOLLOHAN [continuing]. Which really involves teaching the
teachers and bringing the teacher back for more education, and
then an ongoing—they could pick up the telephone and say gee, I
got this problem, you can say

Mr. STRANG. Right.

Mr. MOLLOHAN [continuing]. This is the solution. That is the
kind of system you are talking about.

Mr. STRANG. Absolutely, absolutely. And it happens in a couple
of different ways. Probably many more than that, but two that I
will mention.

One is that we receive grants to do the development, and then
we receive grants to conduct professional development related to
the materials that we have developed.

When we are developing the materials, I mentioned a couple of
times, we go through this extensive field testing process and we
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have partnerships with school districts around the country that are
very eager to field test our materials because they know that typi-
cally they are pretty good, and at the end after the field test they
are going to be interested in implementing. And by going through
the field test they are building support within their district at the
earliest stages for these particular materials.

So teachers that have field tested the materials are very invested
in continuing to use them and they get their name in the book as
field test teachers and there is some status that goes along with
that they work. And we listen to the teachers that are field testing
3ndfthey can see their comments and feedback reflected in the final

rafts.

The other way that that support happens other than the field
test and the subsequent grants for professional development, are
that in—we chose very carefully the publishers that we establish
partnerships with, and the publishers make commitments to school
districts that when they purchase the materials there is a certain
amount of professional development that will be—that will accom-
pany the purchase of the materials, and then the publishers con-
tract back with us to go deliver the professional development.

Mr. MOLLOHAN. You pay them to do it.

Mr. STRANG. The publishers pay us to do it.

Mr. MOLLOHAN. Oh, oh, okay, I see. I see.

Mr. STRANG. Yes.

Mr. MOLLOHAN. I see. So the grant to develop it and then you
have the—they make the commitment and you are subcontracted.

Mr. STRANG. Right.

Mr. MOLLOHAN. Do you have anything to add to that?

Dr. Lurt. I think Lawrence Hall of Science is an exemplary
model in how it should work, but in a lot of instances there are dis-
tricts that don’t get that kind of support.

So when I look in the Phoenix metropolitan area there are some
schools that I know participate in this, but there are many schools
and science teachers that I work with that just don’t have access
to this. So I don’t know.

Mr. MOLLOHAN. Oh, I guarantee you.

Dr. LUFT. Yes. Because this is fiscally intensive, it just doesn’t
happen. I mean, it is just not that common.

Mr. MoLLOHAN. Well and that is the question, which is what I
am saying. How do you scale these proven materials, techniques,
how do you scale that up on a national level? So how do you?

Mr. STRANG. Well we went through

Mr. MOLLOHAN. You have to incentivize somebody.

SYSTEMIC INITIATIVES

Mr. STRANG. Yes. We went through sort of a generation of NSF
supported systemic initiatives, statewide systemic initiatives, world
systemic initiatives, urban systemic initiatives, et cetera.

Mr. MOLLOHAN. That was about 15 years ago wasn’t it?

Mr. STRANG. Yes. And they were across the board; generalizing,
pretty successful. And when the funding stopped the fidelity to the
implementation started to decrease.

Mr. MOLLOHAN. Yes, but as you point out, the science agencies,
you know, simply proving out. They are the ones that understand
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the science and so you could only expect them to prove it out, they
are not going to be sustaining. At some point the state educational
systems have to pick this up.

Mr. STRANG. Right.

Mr. MOLLOHAN. They are spending money on science, so obvi-
ously it didn’t work, because it didn’t take.

Mr. STRANG. That is right.

Mr. MOLLOHAN. And why didn’t it take to make systemic initia-
tives? It wasn’t mature enough? Your program wasn’t mature
enough for it to be recognized as the way to go, or it wasnt——

Mr. STRANG. Oh, I think many of those programs used FOSS in
the early generations of FOSS, and I think—you know, it is a good
question. I don’t have a simple answer, but I think that there are
a lot of policy issues that impact schools.

So I get back to, you know, we invested all this time and money
in purchasing the materials, even in doing professional develop-
ment, being part of the systemic initiative, and now we are told
that the only thing that matters is our reading and math scores.

Mr. MOLLOHAN. So are you suggesting that No Child Left Behind
is kind of overtaken with this?

Mr. STRANG. I think there were unintended outcomes to No Child
Left Behind——

Mr. MOLLOHAN. Excuse me for interrupting. Are you all telling
the authorizing Committee who is reconsidering re-authorization of
No Child Left Behind, are you telling them this—these problems?

Dr. LUrT. We are working very hard on doing that on all fronts.
I mean we are in academics, we are at the National Science Teach-
er’s Association meeting.

Mr. MoLLOHAN. What about the chairman of the Committee that
is dealing with this?

Dr. LurT. We would be
Mr. MOLLOHAN. Here.
hDr. LUFT [continuing]. Happy to meet with them and tell

them——

Mr. MOLLOHAN. Oh, no, I know you would, I am just wondering
if you are.

Dr. LUFT. And you have a lot of teachers in this room who would
probably be happy to meet with him and tell him, too.

Mr. MOLLOHAN. Well and the members of Congress that are on
that Committee, that is where it all starts. You really have to get
in.

PERSONNEL TURN OVER

Dr. LUFT. You are getting at another fundamental issue here
that is really problematic too. I mean, we can have the USIs and
the rural and urban systemic initiatives were important, but teach-
ers don’t stay in the same place the whole time, and neither do ad-
ministrators, and neither do science specialists. So if you put a lot
of resources into help a community develop inquiry, and I was in
a district that did, but when the superintendent left, when the
science coordinators were done away with, when teachers moved to
new schools you have lost the momentum to teach in those set-
tings. So this isn’t just something where it is one shot in the arm.
You know, you have to kind of keep having boosters in this.
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Mr. MoLLOHAN. Well, I mean it would be a bad strategy to
embed the ideas in people. You need to embed the ideas in the sys-
tem.

Mr. LUFT. But the problem is that the system is always fluc-
tuating in education, and that is—we have superintendents who
leave if they don’t work with the board, we have principals that are
moving, you have science coordinators who are—so it is how do we
get right the curriculum that is in there and get the sustained pro-
fessional development for the teachers that they always enact this?

NATIONAL SCIENCE EDUCATION STANDARDS

Mr. MOLLOHAN. Yes.

Mr. STRANG. And I think also when the National Science Edu-
cation Standards were published in 1996 subsequent to the AAAS
benchmarks for science literacy there was a huge emphasis in both
of those documents on inquiry-based science education. When the
National Science Education Standards were published in 1996, it
called inquiry the central strategy of science teaching, and that
supported the benchmarks for science literacy that was previously
published by AAAS.

So there was wide recognition, and as I think Dr. Luft said, the
inquiry was considered content, that this is, you know, this is im-
portant for kids to learn, this is as important as any of the con-
cepts.

STUDENT ASSESSMENT

When assessments of student learning were developed most of
the assessments focused on assessing student’s knowledge of
science concepts, because it is easier to assess. So one of the prob-
lems is if you are assessing—are we assessing—it is always asking
the question, are we assessing the things that we care about, or are
we assessing the things that are easy to assess?

Dr. LUFT. Right.

Mr. STRANG. And there is a huge difference and disconnect there
that we measure the things that are measurable or cheaply meas-
urable, and that is fine, but we then have to have some way of pay-
ing attention to the things we care about that may be more chal-
lenging or more expensive to measure. And it is not that it is not
possible to measure them, it certainly is possible, but——

Dr. LUFT. It is expensive.

Mr. STRANG [continuing]. It is more complicated and more expen-
sive.

Dr. LurT. I was actually fortunate to build on this. I was actually
fortunate to be in graduate school when they were developing per-
formance assessments that they were going to scale for national as-
sessments, and that is if you really want to get at student under-
standing, performance assessments are fantastic, but they are dif-
ficult because you have to figure out what it is you want to test,
but you also have to think about what is the test that you are
going to issue. And in science it becomes confounded by the con-
tent.

So there was some original work actually done out of California
to create some performance assessments that they were looking at
that they were doing to disseminate broadly so teachers could do



100

these assessments in class. The beauty behind this assessment is
it provided information that was formative so that teachers could
know what to do next, but it would also let you know where stu-
dents were. So it provided more information than just the score on
the test, it gave information to a lot of people about how students
learned and what teachers could be doing. Those are the rich as-
sessments we need to go after. Those assessments are incredible.

And the reason I think our project kind of came to a halt, they
are expensive to enact, they are expensive to calibrate, you have
to keep updating them to get people to give them, that is a whole
other problem. So it is an expensive business if you want to have
a really good assessment that does the right kind of things.

Mr. MOLLOHAN. So is that an ongoing assessment process that it
is so expensive and so hard to do, or is that just proving out the
system?

Dr. LurT. That is a great question. It is not that it is—the ongo-
ing process is, say if I am going to give a performance assessment,
I am going to have to have somebody give that assessment in mul-
tiple classrooms, but then not only that, I have to score these as-
sessments. And these assessments, performance assessments, can
be scaled by a rubric, which just states the criteria in where the
student is, or it can be, you know, some kind of checklist that you
are looking for. But there has to be some accounting of what the
student is actually performing or doing, and those—just watching
that and gathering that data is very expensive, because it costs
people; it is people time.

Mr. MoLLOHAN. Well then that is very sad. Because when you
get down into Webster County, West Virginia, which isn’t in my
district, you get down to Webster County, West Virginia, they are
not going to have a lot of money to do that. So if that is true, you
can’t work around that, and that is—and I am not quite under-
standing what you are saying, but if that is crucial—I am not quite
sure what you are saying with regard to this point. If that is cru-
cial for implementing inquiry-based education then that is very
sad, because that will be a real stopper when it gets down to the
local level if the school superintendent who has scarce resources
has to come up with 2x times how much it costs to test.

Mr. STRANG. Right.

Dr. LurT. Well, I think the issue is this. If you want science’s in-
quiry the question, and what we are trying to hit on really hard
is, that it is how you chose to assess it. And how you chose to as-
sess it is ultimately going to drive how it is enacted.

And you are right, to have the kind of assessments if you want
to look to see how a kid is observing, how they are handling this
kind of information, the assessments that they develop to do these
kinds of things cost a lot of money.

Mr. MOLLOHAN. Is that part and parcel of inquiry—based edu-
cation for science? A significant increase in the cost of teaching and
testing and everything that is involved with it?

Mr. STRANG. So when we develop materials now we build into
the instructional materials an assessment system, curriculum em-
bedded assessments that provide teachers with information about
student learning for the purpose of informing their own instruction
and practice, not for the purpose of grading kids.
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Dr. LUFT. Right.

Mr. STRANG. Which is a very different purpose. So when we talk
about assessment we need to talk about what is the purpose that
this assessment is being used for?

So we build in these curriculum embedded assessments that help
teachers to get at student thinking. Where are they in the concep-
tual development? And we call—there are certain embedded assess-
ment, and then at certain points in the units we have what we call
juncture assessments. They are assessments that we want teachers
to administer to assess the culmination of students’ understanding
of a particular concept. And they are junctures because we think
if kids haven’t generally acquired a certain understanding of the
concept the teacher shouldn’t go on. They should go back and find
opportunities for re-teaching and providing additional experiences.
So these juncture assessments are important in the continuity of
a unit of instruction.

Part of the problem is that our curriculum embedded assess-
ments do not necessarily provide teachers or school administrators
with predictions about how kids will do on their standardized tests
at the end of the year. They are completely misaligned.

Mr. MoOLLOHAN. We had some testimony here yesterday that
there were dramatic improvements. Some people were trying to
make the point—and I more understand what they were trying to
do—they were trying to make the point gee, inquiry-based, it will
result in better test scores on the standardized tests, and that is
questioned I guess, but there was some testimony that

Dr. LurT. No, it——

Mr. MOLLOHAN. I mean it was just hopeful testimony.

Dr. Lurr. They said yesterday that you could develop instru-
ments that would measure—that would be measurable. That you
could develop strong multiple choice.

And I think what you are getting at is where the community is
in this. I think there are psychometricians or people who develop
tests that say that they can do it, and I think there are people who
look at student learning and teacher learning and they say this is
a little tougher than that.

Mr. MoLLOHAN. Well, I will tell you, if you are going to move
this—just thinking about it as a public policy matter—if you are
going to move in this direction then you are going to have to have
some sort of work around these two hard of things. Because they
can’t be too hard to do this or it won’t happen.

Mr. STRANG. Agreed.

Mr. MOLLOHAN. So you got to have some work around.

Dr. LurT. Right, right.

Mr. MOLLOHAN. And it sounds like testing is one of the work
arounds.

Dr. LurT. I think that would be a great place for a lot of work
to occur.

Mr. STRANG. Right. And for starters, good assessment, bad as-
sessments aside, or assessments of what we care about and assess-
ments of what we don’t care about aside, again, at the elementary
level those standardized tests that kids take in fifth grade in
science don’t really move the needle on the school’s academic per-
formance index.
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So even if the kids are scoring incredibly high on their science
test doesn’t really help the school administration.

Dr. LUrT. Right.

Mr. MOLLOHAN. But then it would be understood in this re-au-
thorization I would think.

Mr. STRANG. Yes.

Dr. LUFT. There is one more kind of consequence about this that
I just saw for the first time this year that deals with testing, and
it is again working in schools which have been very fortunate to
do, is that the most important thing we can do is build the capacity
of our new teaching workforce. Right?

So this year I was charged with placing teachers in schools. And
in one of the schools we wanted to put I know very good inquiry
teachers who were doing great things in a science area that is
being tested. I said, I would like to put some student teachers in
there. And the teacher was very clear with me saying, I can’t take
the next generation of teachers because I need to make sure that
I—these kids, my students hit and do well on that test.

I have never seen this happen before, but we are being locked
out now in teacher preparation because of the pressure to achieve
on these tests.

Mr. MoLLOHAN. Well, you know, you are telling that to us and
we really value that and appreciate your doing that, and as soon
as I hear that I think about gee, this person over here better hear
that, and that is the person that is fashioning this legislation, and
I guess the education—Department of Education who is advising
them of what they ought to put into this.

Dr. LUFT. Good teachers don’t want to take the risk to build the
next generation of teachers.

y Mr. MoLLOHAN. Well that is another really difficult problem, I
now.

Well, we are drawing to the close of the hearing, and I would like
to invite you all here in a summary fashion, and you can talk as
long as you want, but in a summary fashion we are an Appropria-
tion Committee, and we are trying to seriously look at this issue.
You both have expertise, so as we look at this issue we would like
for you to give us advise about how we should be thinking about
applying the scarce dollars that we have to have the maximum
benefit to achieve the results that we are all—that are implicit
here. So, Mr. Strang.

Mr. STRANG. Thank you. Well let me just start by again thanking
you and the Committee for inviting both of us here, and it is a
pleasure and honor to have the opportunity to share some of this
information and hear about your work and some of the challenges
that we are all facing together in this endeavor to improve stu-
dent’s abilities to think critically and make their lives better by un-
derstanding how the natural world works.

And I guess, you know, one of the things that-this issue of policy
constraints is huge, out there in the day-to-day lives of teachers
and school principals and school superintendents, and so I think we
have talked about that a lot, and I just want to emphasize that no
amount of curriculum development or teacher professional develop-
ment or teacher preparation can really overcome those policy con-
straints that teachers and schools are under.
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The other thing that I want to go back to and reemphasize from
my comments is again the importance of the science agencies in
leading the effort to improve science education, and there are many
reasons for that that we have talked about, and I want to say again
that agencies like NOAA and NASA and NSF in addition to having
great expertise and understanding of the endeavor of science and
how to teach science and how to expose kids to the process of
science and scientific habits of mind and scientific ways of think-
ing, in addition to that they are out there making discoveries every
day, and those discoveries need to have a pathway into the cur-
riculum at the earliest levels of a child’s educational career. And
without the involvement of NOAA and NASA and NSF things like
ocean science, like climate change, like atmospheric science, like
earth system science will never really get out there to kids. We are
still teaching in many school districts early twentieth century
science that is divided neatly into biology, chemistry, and physics,
and the world of science doesn’t work that way anymore.

So NOAA in particular has recently been allowed to play a larger
role in science education. Because of their location in the Com-
merce Department I understand that they had been prohibited
from supporting education for many years, and there is some shift
in that direction. And with a very small amount of money in a very
short time NOAA, combining efforts with NSF has changed my pro-
fessional world in a way that is hard to explain to you sitting in
a Committee room, but ocean sciences education as a community
and as a field has advanced a generation’s worth in the last five
years, and I think there is no underestimating the value that
NOAA and NASA and NSF have added to the endeavor of science
education.

Mr. MOLLOHAN. Well that is a good endorsement, for we have
education accounts in all these, and we want to support them, and
that statement is very helpful in justifying our support for it.

Dr. Luft.

Dr. LUFT. I just want to thank you first off for inviting me here
today, and it has been great. I work with teachers, I work with
teacher educators, I work with principals, I work with superintend-
ents, and I know that at each level everybody would like inquiry
implemented.

I also want to say we are, and everybody I have talked to, we
are encouraged by this Administration’s dedication to science edu-
cation, and we cannot say thank you enough. It is cool. Science is
cool again.

So what I would to say though is NSF has been invaluable in my
work, and they have been invaluable to work of a lot of my col-
leagues. NSF has focused in on transformative work, and that is
where they have put the emphasis for a long time, and I think that
is very important, but I also think in addition to doing trans-
formative work it is important that you think about what happens
to that transformative work.

So it is important that NSF not only be supported for more re-
search and science education, we are just on the cusp of under-
standing how students learn really complex ideas. We are at the
point where we really are starting to understand what is working
with, we know what works a lot in PD, but we are getting at some



104

really good novel ideas and we need to kind of keep pushing for
that. We need more resources for this kind of work.

NSF needs to be encouraged to continue a research to practice
trajectory. They do a lot of great work, and how is it going to make
a difference in the lives of teachers? And that is not only science
work, but that is work in science education. The new under-
standings that we have in science education are critical, and we
have to have—teachers have to have access to this information.

I think as you heard, it was a great example of the potential of
a long-term support program. NSF typically is a PI. We reapply for
grants every three to five years. And it would be great, our col-
leagues, my colleagues in science have long-term funding. They
know that their resources are coming year after year for 15 to 20
years, that they can really invest in solving a problem and trying
to meet the needs.

I don’t know what the answer is for education, but I know it
would be nice to know that I can walk in for a lengthy period of
time knowing that I can do some development work and get it all
out within the same long-term funding cycle. So it would be a little
bit novel, but it would be a nice approach.

And I think finally the last piece that I think is important is
there has to be just ongoing consistent funding to the science agen-
cies for work in science education. It is difficult to come back with
budgets that are reduced or when programs are moved out. The
M’s piece was a great example. It would be great to make sure that
we have a consistent line of funding that is dedicated to this issue.

Again, thank you, and it has been an honor to be here.

Mr. MOLLOHAN. Well it has been an honor to have both of you.
When you talk about long-term studies, talk to that a little bit
more.

Dr. LUFT. Long-term support is really critical. So I can think of
it in a lot of different venues. We are just starting to understand
how students learn complex ideas and how these ideas should be
sequenced in order to really optimize student learning.

So is there some place where something should be learned before
something else, and how do these things build so that students
have coherent knowledge? We are just getting into that.

And for those of us who do research around these issues, I need
to re-apply every few years. You know, I have to say this is what
I am doing. I can’t say I am doing more of the same for long. I have
to say what is it I am doing that is different sometimes, and that
degree of difference has to be really well discussed.

So wouldn’t it be great if somebody knew that for ten years I
could work to really crack this problem? Or wouldn’t it be great if
a curriculum developer, as we have heard, knew that he could not
only—they could not only develop the curriculum, but they would
be responsible for targeting, you know, over 10,000 schools? I mean
to have that consistent push would be really powerful. And that
puts—that to me is what we are talking about when we are talking
about long-term funding.

Mr. MOLLOHAN. So you are suggesting that the original solicita-
tion should provide and make a commitment for resources for a
ten-year effort.

Dr. LUrT. For some projects, yes.
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Mr. MoLLOHAN. Okay.

Dr. LUrT. I think not all projects merit that, but I think the po-
tential of some of these projects having that kind of—you could be
powerful things with that kind of support.

Mr. STRANG. And the support obviously can and should be con-
tingent on demonstrating performance.

Dr. LurT. Performance.

Mr. STRANG. Yes.

Dr. LUFT. Yes.

Mr. STRANG. So it is not just a contract for ten years regardless,
but I think that when warranted

Dr. LUFT. Yes.

Mr. STRANG [continuing]. That that sort of ongoing funding
would make a huge difference.

Mr. MoLLOHAN. Okay. Well finally I would like to invite each of
you to submit those and any other recommendations, you know,
flesh them out that you would have for the Committee as we con-
sider—as we mark up our bill. So just submit in writing what you
have said just now here at the summary

Dr. LUFT. Yes.

Mr. MOLLOHAN [continuing]. And what would you like to see.

Dr. LUFT. It is a big decision.

Mr. MOLLOHAN. I am not saying that we can do it

Dr. LurT. Okay.

Mr. MOLLOHAN [continuing]. I am just saying we would like to
see if. There is no commitment.

Thank you all very much for your appearance here today.

Dr. LUFT. No, thank you.

Mr. STRANG. Thank you very much.

Mr. MOLLOHAN. We very much appreciate it. Thank you.

Mr. STRANG. Thanks.

Dr. LurT. Thanks.
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Mr. MOLLOHAN. The hearing will come to order. Good afternoon.
Welcome, doctor. Welcome everybody to the hearing of the Sub-
committee on Commerce, Justice, and Science for fiscal year 2011.
Today we will cover the budget status and future prospects of U.S.
research and development. Our witness is the President’s Science
Advisor and Director of the Office of Science and Technology Policy,
Dr. John P. Holdren. Dr. Holdren, this is your first appearance be-
fore this Subcommittee, and we have much to discuss. And we
would like to especially welcome you to the job and to the hearing.

Based on considerable evidence, real growth in the United States
economy, in excess of population growth, is primarily the result of
the innovations and new technologies that result from public and
private investments in research and development. Accordingly, we
are in the midst of a ten-year doubling in funding for NSF, NIST,
and the Department of Energy Office of Science as contemplated by
the America Competes Act. This doubling was accelerated by $18.5
billion added to the fiscal year 2009 appropriation for R and D in
many agencies as part of the American Recovery and Reinvestment
Act. Those funds have gone to increase grant funding across all
areas of science and to various science infrastructure investments.

Within the Subcommittee’s purview the budget request for fiscal
year 2011 continues the planned doubling for NSF and NIST with
roughly 7 percent increases over the 2010 enacted levels. While
this doubling was authorized in the America Competes Act, that
authorization was only through fiscal year 2010. The budget
strengthens climate observing and research through significant in-
creases for NOAA R and D, including equipment and development
for polar orbiting satellites, and NASA Earth science missions and
research. While funding for planetary research has increased, fund-
ing for other areas of NASA science is essentially frozen. While our
climate related activities are a higher priority, all of NASA’s
science contributes to the nation’s science enterprise just as much
as does funding for NSF, NIST, and the DOE Office of Science.

In fiscal year 2010 this Subcommittee supported an increase to
NSF education programs focused on hands-on, inquiry-based in-
struction in grades K-12 and in K-12 teacher preparation. Earlier
this year, in hearings which we held, we heard testimony from
those who work in this area. They provided examples of successful
efforts in improving science, technology, engineering, and math
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education, STEM education, evidence of the benefits that result
from federal investments made through NSF, NOAA, and NASA.
For decades the science and education communities have stated
that inquiry is essential to effective STEM education. And yet, it
remains rare in K-12 and college teaching. It is high time to
change this.

Given the critical role of science and technology in the future
prosperity and international leadership of the United States, we
look forward to hearing from Dr. Holdren on the state of U.S.
science and technology, its position relative to other countries, and
its future needs and prospects.

Dr. Holdren, before I ask you to summarize your remarks, and
your written statement will be made a part of the record, I would
likei{ to call on Mr. Culberson for any comment he should like to
make.

Mr. CULBERSON. Thank you very much, Mr. Chairman. On behalf
of Ranking Member Wolf, Frank would like to present his state-
ment in person. So I want to reserve the right to allow Mr. Wolf
to make his opening statement in person. He will be here very
shortly. He is at a funeral at Arlington.

Mr. MOLLOHAN. Certainly.

Mr. CULBERSON. Thank you, Mr. Chairman.

Mr. MOLLOHAN. You are welcome. Dr. Holdren.

OPENING STATEMENT—WITNESS

Dr. HOLDREN. Thank you, Mr. Chairman and members of the
Committee. It is really a privilege to be here today to talk about
the research and development and the STEM education compo-
nents of the President’s fiscal year 2011 budget. As you noted, Mr.
Chairman, I submitted a written statement as well.

The administration is working hard to keep the nation on the
path out of recession through recovery and into a new era of revi-
talized growth. That of course means sparking job creation to get
millions of Americans back to work. It means building a new foun-
dation for a long term prosperity that will reach every American
family. And a crucial element of that effort is the targeted invest-
ments that we are making in science, technology, and innovation
that will lead to new products and services, new businesses and in-
dustries, increased American competitiveness, and high quality
sustainable jobs. Our strategy includes investments in fundamental
and applied research and development that will lead to better tech-
nologies and the jobs that will go with them for advanced manufac-
turing, for clean energy, for healthcare, for environmental protec-
tion and remediation, and for national and homeland security. And
it includes increased use of public-private partnerships to speed up
innovation and get the results more rapidly into the marketplace.
It calls for exploration and discovery from the depths of the oceans
to the frontiers of space, expanding our knowledge of our world and
our universe while igniting the curiosity and ambitions of our
young people. And it includes a focus on STEM education that will
support and sustain, rather than stifle, that curiosity so that we
can cultivate the next generation of innovators along with the tech-
nology savvy workforce that competitiveness in the 21st century re-
quires.
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Obviously we need the continuing support of the Congress, and
importantly the continuing support of this Committee, to get it
done. But if there is one message I most want to convey in my com-
ments today it is that the investments in the President’s R and D
budget are at the very core of America’s future strength. So I am
certainly looking forward to working with all of you to make sure
at this very important time in our history, when competition
abroad is growing and the stakes are ever increasing, that we put
America on a path that keeps this nation great for our children and
grandchildren. A path that is built on scientific evidence, on tech-
nical progress and prowess, and on a nation of people who are in-
ventors, innovators, and makers, not just consumers.

Let me give you a very brief bird’s eye view of the fiscal year
2011 R and D budget, and then elaborate on a few highlights. The
President’s 2011 budget proposes a record $61.6 billion of invest-
ment in civilian research and development, not including facilities
and equipment. That is an increase of $3.7 billion or 6.4 percent
over the 2010 funding level. Those increases are counterbalanced
by some reductions in defense development funding, such that the
combined defense and non-defense R and D budget would be $147.7
billion. That is just two-tenths of a percent above the enacted 2010
level. If you adjusted for projected inflation it would be a cut of
about nine-tenths of a percent. I think this is a smart R and D
budget, one that is fiscally responsible overall with some important
targeted increases where investments today can do the most good
for us tomorrow.

Among the highlights let me first note, as you did Mr. Chairman,
that the 2011 budget reflects the President’s commitment to double
the budgets of the National Science Foundation, the DOE’s Office
of Science, and the NIST laboratories. The President’s plan for
science and innovation, and the America Competes Act, as you
noted, identified those three agencies as key to the fundamental re-
search that underpins our future prosperity. And fundamental re-
search which the private sector will never do enough of because the
risks seem too high and the returns seem too far in the future.
Last year this Congress and this administration worked together to
put those agencies back on a doubling trajectory that had faltered
in the previous administration, and the fiscal year 2011 maintains
that trajectory with a 6.6 percent increase for their combined budg-
ets.

I want to highlight as well some of our goals within the National
Oceanic and Atmospheric Administration, NOAA, which plays a
vital role in supporting research on the earth’s oceans, atmosphere,
and marine habitats. The NOAA budget of $5.6 billion is an in-
crease of $806 million over the 2010 enacted level. That is going
to allow NOAA to improve weather and climate services that pro-
tect life and property, invest more heavily in restoring our oceans
and coasts, and to ensure continuity of satellite observations of
weather and climate that are crucial.

I want to emphasize some recent progress in that latter area.
The large increase in the NOAA budget reflects in part a new ar-
chitecture for the National Polar Orbiting Operational Environ-
mental Satellite System, NPOESS, which is a tri-agency program,
NOAA, DOD and NASA, that has had a troubled history. Since last
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August OSTP has led an Executive Office of the President task
force that, in close cooperation with those three partner agencies,
has been investigating various options for how to place the
NPOESS program on a pathway to succeed. Earlier this month the
three agencies announced a plan to restructure the program—a
plan reflected in the 2011 budget. And under this plan there will
be a division of satellite acquisition but the three agencies will con-
tinue to partner in areas that they have successfully shared in the
past, including the ground systems and the data management. I
want to assure the Committee that OSTP will continue to be en-
gaged in overseeing the transition to the new structure of this crit-
ical program.

A number of other items in the R and D budget, I think, are
worth highlighting, including support for activities in the next gen-
eration air transportation system, NextGen; the added billion dol-
lars in the National Institutes of Health to speed discovery of new
treatments and cures for cancer and other diseases; the added sup-
port for the Defense Advanced Research Projects Agency, DARPA,
for research in high priority areas such as night vision, cybersecu-
rity, enhanced GPS, and force protection; the more than 25 percent
increase in funding for environmental health and safety studies
under the National Nanotechnology Initiative; and the significant
increase in support for the multiagency U.S. Global Change Re-
search Program mandated by Congress to improve understanding
of climate science, expand global observing systems, and develop
science-based resources to support policy making and resource
management.

I want to focus on two other areas before my time is up. The first
of those is NASA. Our space program in the United States rep-
resents not just a grand and inspiring adventure of exploration and
discovery reaching outward into our universe, but it is also an in-
dispensable platform for observing what is happening on the Earth
below. It is a crucial element of our communications infrastructure
and our geopositioning capability. It is a source of new products,
services, businesses, and jobs whose potential is barely beginning
to be tapped. The fiscal year 2011 NASA budget proposes a science
and technology centered restructuring of this country’s space explo-
ration program. It will invest in American ingenuity to enable us
to do things in space that are more useful, more exciting, and more
affordable then returning astronauts to the moon surface fifty
years after we did it the first time using essentially the last cen-
tury’s technology.

The new approach, which adds $6 billion over the next five years
for NASA, includes a vigorous technology development and test
program that will begin to reverse decades of underinvestment in
NASA in new ideas. It will extend the life of the International
Space Station, likely to 2020 or beyond, thereby increasing the
number of U.S. astronauts who will be working in space over the
next decade. It will support the development of private sector capa-
bilities to lift astronauts into low Earth orbit and it will shorten
the duration of our reliance solely on Russian launchers for that
purpose. And by investing in new game changing technologies it
gives promise of getting our astronauts to deep space destinations
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sooner, faster, safer, and cheaper than what could realistically have
been achieved under the old approach.

Finally just a few words about STEM education, which you also,
Mr. Chairman, mentioned in your opening remarks. The President
has been emphatic about his commitment, which I share, to in-
crease the participation and the performance of American students
in science, engineering, mathematics, and technology, aiming to im-
prove our performance in comparison with other nations from the
middle of the pack to the top of the pack over the next decade. The
2011 budget would invest $3.7 billion in STEM education programs
across the federal government, including a $1 billion investment in
improving math and science education among K-12 students. That
is an increase of over 40 percent in that category. The impact of
those investments is going to be magnified by the Educate to Inno-
vate Campaign launched by the President late last year to motivate
and inspire young people to excel in STEM fields. This campaign
has already mobilized over $500 million in financial and in-kind
support from companies, foundations, universities, and nonprofits.
In addition to those investments the 2011 budget provides an addi-
tional $1.35 billion in funding for Race to the Top, a Department
of Education program which provides a competitive advantage to
states that commit to a comprehensive strategy to improve STEM
education.

The investments in R and D and in STEM education proposed
in the President’s fiscal year 2011 budget reflect his clear under-
standing of the importance, the critical importance, of science, tech-
nology, and innovation in addressing the most compelling chal-
lenges our nation faces while respecting, at the same time, the
need for overall budgetary restraint under difficult economic condi-
tions. It is a budget intended to keep this country on a path to revi-
talized economic growth, real energy security, intelligent environ-
mental stewardship, better health outcomes for more Americans at
lower costs, strengthened national and homeland security, and con-
tinuing leadership in science and in space. I look forward to work-
ing with this Committee to make the vision of the President’s fiscal
year 2011 budget proposal into a reality, and of course I will be
pleased to try to answer any questions the members may have.
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Chairman Mollohan, Ranking Member Wolf, and Members of the Committee, It is my distinct
privilege to be here with you today to discuss the R&D and STEM-education components of the
President’s FY2011 Budget.

Administration Initiatives in Science, Technology, and Innovation

The Obama Administration is working hard to keep the Nation on the path out of
recession through recovery and into a new era of revitalized growth. This means sparking job
creation to get millions of Americans back to work, and it means building a new foundation for
long-term prosperity that will reach every American family. A crucial element of this effort is
the targeted investments we’re making in science, technology, and innovation (STI) that will
lead to new products and services, new businesses and industries, and high-quality, sustainable
jobs.

Our STI strategy includes investments in applied research and development that will lead
to better technologies — and the jobs that will go with them — for advanced manufacturing, for
clean energy, for health care, for environmental protection and remediation, and for national and
homeland security. It includes increased use of public-private partnerships to speed up
innovation and get the results more rapidly into the marketplace. And it includes investments in
the foundations of national strength in STI:

e fundamental research and the facilities and equipment needed to do it;

» domains of exploration and discovery from the depths of the oceans to the frontiers of
space, expanding our knowledge of our world and our universe while igniting the
curiosity and ambitions of our young people; and

s science, technology, engineering, and math (STEM) education that will build on rather
than stifle that curiosity and will enable those ambitions, giving us a bigger and better-
prepared next generation of innovators, along with the tech-savvy workforce that
competitiveness in the 21 century requires.

Because President Obama understands the crucial eonnections linking STI and STEM
education to our ability to meet the great challenges before us, his 2011 Budget provides strong
and strategic investments in these domains despite the overall budget austerity that the country’s
fiscal circumstances require. At a difficult time in the nation’s history, the President’s 2011
Budget proposes to invest in science, technology, and innovation today to meet the challenges of
tomorrow. Obviously. we need the continued support of the Congress to get it done. In the
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remainder of this testimony, [ elaborate on the reasons the President and | are most hopeful
you’ll provide that support.

The Federal R&D Budget

The President’s 2011 Budget proposes a record $61.6 billion investment in civilian
research and development, an increase of $3.7 billion or 6.4 percent over the 2010 funding level,
reflecting the Administration’s firm belief that investment in innovation is the key to building the
American economy of the future. This Budget builds on the 2009 and 2010 appropriations
approved by Congress, and if passed as proposed would mark the third year in a row of real
increases for Federal nondefense R&D and Federal research, following four years of real decline
between 2004 and 2008.

These important R&D investments aim to bolster the fundamental understanding of
matter, energy, and biology that are at the root of all innovation and to foster significantly new
and potentially transformative technologies. While reducing some development funding and
scaling back on R&D facilities and equipment, all told, the total (defense and nondefense) R&D
budget would be $147.7 billion, just $343 million or 0.2 percent above the 2010 enacted level, or
a 0.9 percent cut after adjusting for projected inflation.

Science is also fundamental to ensuring that Americans are safe and secure. That is why
the Defense Department budget also devotes $2 billion to basic research, considerably higher
than in 2010, while reducing the Department’s overall R&D budget by some $3.5 billion—a
reduction in spending achieved in large part by cutting lower-priority weapons-development
programs.

Budgets of Science Agencies

The 2011 Budget aiso reflects the President’s commitment to double the budgets of the
National Science Foundation, a primary source of funding for basic academic research; the
DOE’s Office of Science, which leads fundamental research for energy and builds and operates
accelerators, colliders, supercomputers, and facilities for making nano-materials; and the
National Institute of Standards and Technology laboratories, which support a wide range of
pursuits from accelerating standards development for health information technology and "smart
grid" technologies to conducting measurement science research to enable net-zero energy
buildings and advanced manufacturing processes.

The President’s Plan for Science and Innovation and the America COMPETES Act have
identified these three agencies as key to our nation’s future prosperity and to preserving
America’s place as the world leader in science and technology. Although the previous
Administration supported an effort to double these agencies’ budgets between 2006 and 2016,
these efforts fell short in 2007 and 2008. But last year, this Congress and this Administration
worked together to finally put these agencies on a doubling trajectory, and the FY2011 budget
maintains that trajectory with a 6.6 percent increase for their combined budgets, totaling $13.3
billion.

I now turn to the budgets of individual agencies under this subcommittee’s jurisdiction in a bit
more detail.
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National Science Foundation (NSF)

The National Science Foundation (NSF) is the primary source of support for academic
research for most non-biomedical disciplines, funding basic research across the entire spectrum
of the sciences and engineering. It is well regarded for funding nearly all of its research through a
competitive, peer-reviewed process. The 2011 Budget requests $7.4 billion for NSF, an increase
of 6.9 percent in real terms above the 2010 funding level (8.0 percent in current dollars). This
keeps NSF on track to double its budget as promised in the President’s Plan for Science and
Innovation. In addition, last year the Recovery Act provided $3.0 billion for NSF.

Basic research funding is important not only because it leads to new knowledge and new
applications but also because it trains the researchers and the technical workforce of the future.
In recognition of this dual benefit to society and of NSF’s special contribution, the 2011 Budget
continues the President’s commitment to triple the number of new NSF Graduate Research
Fellowships to 3,000 a year by 2013. The 2011 Budget also requests $64 million for the
Advanced Technological Education (ATE) program to promote partnerships between higher-
education institutions and employers to educate technicians for the high-technology fields that
drive our nation’s economy.

NSF also proposes to increase research funding to promote discoveries that can guide
societal actions leading to environmental and economic sustainability. The Science, Engineering,
and Education for Sustainability portfolio will increase to $766 million in the 2011 Budget for
integrated activities involving climate, environment, and energy. NSF is also committed to
enhancing U.S. economic competitiveness with Science and Engineering Beyond Moore’s law, a
multidisciplinary research program designed to meet some of today’s most daunting
computational challenges.

NSF will also be collaborating with the Department of Energy (DOE) on the RE-
ENERGYSE (Regaining our ENERGY Science and Engineering Edge) program to attract and
educate future American scientists in the clean energy field. NSF’s proposed contribution is $19
million and DOE’s is $55 million in 2011.

National Aeronautics and Space Administration (NASA)

Our U.S. space program represents not just a grand and inspiring adventure of
exploration and discovery looking outward at our universe, but also an indispensable platform
for observing what is happening on the Earth below, a crucial element of our communications
infrastructure and geopositioning capability; and a source of new products, services, businesses,
and jobs whose potential is barely beginning to be tapped.

The FY2011 NASA budget launches a bold new space initiative that invests in American
ingenuity to enable us to do things in space that are more useful, more affordable, and more
exciting than returning astronauts to the Moon’s surface 50 years after we did it the first time,
using the last century’s technology. The new approach — which adds $6 billion over the next five
years for NASA — includes a vigorous technology development and test program that will begin
to reverse decades of under-investment in new ideas. By extending the life of the International
Space Station, it increases the number of U.S. astronauts who will be working in space over the
next decade; by supporting the development of private-sector capabilities to lift astronauts into
low Earth orbit it will shorten the duration of our reliance solely on Russian launchers for this

3
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purpose; and by investing in new, game-changing technologies it gives promise of getting our
astronauts to deep space destinations sooner, faster, safer, and cheaper than what could
realistically have been achieved under the old approach.

Let me provide some budget detail. The President’s Budget supports the extension and
enhanced utilization of the Space Station with a full complement of international crew and
laboratories: it provides $2.8 billion in 2011, $463 million more than in 2010, to extend
operations of the Space Station past its previously planned retirement of 2016, likely to 2020 or
beyond. It funds a technology-demonstration program at $7.8 billion over 5 years to support the
development and demonstration of technologies to reduce the cost and expand the capabilities of
future exploration activities, including in-orbit refueling and storage. There will be $3.1 billion
over 5 years for heavy-lift and propulsion R&D on new launch systems, propeliants, materials,
and combustion processes. And the Budget anticipates an investment of $3.0 billion over 5 years
to fund robotic precursor missions to scout exploration targets.

The Budget proposes $5.0 billion in 2011 for the NASA’s Science portfolio, an increase
of more than $500 million compared to 2010. This increase allows for numerous exciting
scientific opportunities in space: re-flying the Orbiting Carbon Observatory (OCO), which is
crucial to our understanding of the Earth’s carbon cycle and its effect on climate change;
accelerating the development of other satellites to enhance observations of the climate and other
Earth systems; and continuing to increase our understanding of the cosmos through such projects
as the follow-on to the Hubble Space Telescope.

Department of Commerce National Institute of Standards and Technology (NIST)

The National Institute of Standards and Technology (NIST) laboratories advance
technological innovation through advanced measurement science research and standards
development. The 2011 Budget of $709 million for NIST’s intramural laboratories, a 6.9 percent
increase over the 2010 enacted level, will improve NIST’s research capabilities by providing
high-performance laboratory research and facilities for a diverse portfolio of research in areas
such as advanced manufacturing, health information technology, cybersecurity, interoperable
smart grid, and advanced solar energy technology. For NIST’s extramural programs, the 2011
Budget requests $130 miltion for the Hollings Manufacturing Extension Partnership (MEP), a $5
million increase over the 2010 enacted level. The 2011 Budget also requests $80 million for the
Technology Innovation Program (TIP), a $10 million increase over 2010. All of these NIST
programs are important components of A Framework for American Manufacturing, a
comprehensive strategy for supporting American manufacturers announced in December.

Department of Commerce National Oceanic and Atmospheric Administration (NOAA)

The National Oceanic and Atmospheric Administration (NOAA) plays a vital role in
research on the Earth’s oceans, atmosphere, and marine habitats. The NOAA budget of $5.6
billion is an increase of $806 million over the 2010 enacted level. This will allow NOAA to
strengthen the scientific basis for environmental decision-making, improve weather and climate
services that protect life and property, invest more heavily in restoring our oceans and coasts,
and ensure satellite continuity.
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NOAA satellite systems, which are essential to our understanding of weather and climate,
are a top priority in the 2011 Budget. The large increase in the NOAA budget reflects a new
architecture for the National Polar-orbiting Operational Environmental Satellite System
(NPOESS). This tri-agency (NOAA, DOD Air Force, and NASA) program has had a long and
troubled history. Since last August, OSTP has led an Executive Office of the President Task
Force that, in close cooperation with the partner agencies, has been investigating various options
for how to place the NPOESS program on a pathway to success. Last week, the three agencies
announced a plan to restructure the program — a plan reflected in the President’s 2011 Budget.
NOAA and the Air Force will no longer jointly procure NPOESS; rather, NOAA and NASA will
take primary responsibility for procuring satellites for the afternoon orbit and DOD will take
primary responsibility for the morning orbit. The three agencies will continue to partner in areas
that have been successfully shared in the past, such as the program’s ground system. Although
NOAA’s 201! Budget proposes a substantial increase to support NOAA's expanded NPOESS
responsibilities under the restructuring, we intend to make full use of the NPOESS investments
and work done to date by all the NPOESS parties. I can assure the committee that OSTP remains
actively engaged in overseeing the transition to a new direction for this program and committed
to ensuring continuity of satellite coverage needed for weather forecasting and storm tracking, as
well as for climate data records.

White House Office of Science and Technology Policy (QSTP)

The White House Office of Science and Technology Policy (OSTP) works with OMB to
ensure that the President’s S&T priorities are reflected in the budgets of all of the Executive
Branch departments and agencies with S&T and STEM-education missions. OSTP also provides
science and technology advice and analysis in support of the activities of the other offices in the
Executive Office of the President and supports me in my role as the Assistant to the President for
Science and Technology, with the responsibility to provide the President with such information
about science and technology issues as he may request in connection with the policy matters
before him. In addition, OSTP coordinates interagency research initiatives through
administration of the National Science and Technology Council (NSTC), serves as the lead
White House office in a range of bilateral and multilateral S&T activities internationaily, and
provides administrative and technieal support for the very active 21-member President’s Council
of Advisers on Science and Technology (PCAST).

OSTP personnel in addition to the Director include a Senate-confirmed Associate
Director for Technology, who is also the Nation’s Chief Technology Officer; three further
Senate-confirmed Associate Directors (for Science, Environment, and National Security and
International Affairs): and a further 40 technical professionals plus supporting administrative
staff. The 2011 Budget requests $6.990 million for OSTP’s operations, slightly below the 2010
enacted funding level.  This support for OSTP reflects the President’s continuing recognition of
the importance and diversity of OSTP’s functions in keeping “science in its rightful place” in his
Administration, as he pledged in his Inaugural Address.

Interagency Initiatives

A number of priority interagency S&T initiatives are highlighted in the President’s 2011
Budget. These initiatives are coordinated through the NSTC, which as noted above is
administered by OSTP.
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Networking and Information Technology R&D

The multi-agency Networking and Information Technology Research and Development
(NITRD) Program plans and coordinates agency research efforts in cyber security, high-end
computing systems, advanced networking, software development, high-confidence systems,
information management, and other information technologies. The 2011 Budget provides $4.3
billion for NITRD.

Networking and computing capabilities are more critical than ever for national and
homeland security, reforming the heaith care system, understanding and responding to
environmental stresses, increasing energy efficiencies and developing renewable energy sources,
strengthening the security of our critical infrastructures including cyberspace, and revitalizing
our cducational system for the jobs of tomorrow. The 2011 Budget retains an important focus on
investment in high-end computing rescarch for both national security and large-scale
scientific applications, particularly in advanced scalable simulations. The 2011 Budget also
continues to emphasize foundations for assured computing and secure hardware, software, and
network design and engineering to address the goal of making Internet communications more
secure and reliablc.

National Nanotechnology Initiative

The 2011 Budget provides $1.8 billion for the multi-agency National Nanotechnology
Initiative (NNI), a reduction of $19.5 million from the enactcd 2010 level. Research and
Development in the NNI focuses on the development of materials, devices, and systems that
exploit the fundamentally distinct properties of matter at the nanoscale. NNI-supported R&D is
enabling breakthroughs in biomedical detection and treatment, manufacturing at or near the
nanoscale, environmental monitoring and protection, energy conversion and storage, and novel
electronic devices, among many others. The 2011 Budget proposes $35 million for nano
educational and societal dimensions research and $101 million across several agencies for
nanomanufacturing.

Consistent with the NNI Strategy for Nanotechnology-Related Environmental Health and
Safety (EHS) Research, agencies maintain a focus on developing nanotechnology responsibly,
with attention to the human health and environmental impacts as well as ethical, legal, and other
societal issues. In recognition of the special importance of these issues, the 2011 Budget
increases the priority of nano EHS research with a request of $117 million, more than 27 percent
above the 2010 level.

U.S. Global Change Research Program

The Budget includes an expanded commitment to global change research. Investments in
climate science over the past several decades have contributed to an improved understanding of
global climate. These additional investments will be a critical part of the President’s overall
strategy to mitigate U.S. greenhouse gas emissions and move toward a clean energy economy.
To continue to assist the government and society to understand, predict, project, mitigate, and
adapt to climate change, the 2011 Budget provides $2.6 billion for the multi-agency U.S. Global
Change Research Program (USGCRP), an increase of 21 percent or $439 million over the 2010
enacted level.
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The USGCRP was mandated by Congress in the Global Change Research Act of 1990
(P.L. 101-606) to improve understanding of uncertainties in climate science, expand global
observing systems, develop science-based resources to support policymaking and resource
management, and communicate findings broadly among scientific and stakeholder communities.
Thirteen departments and agencies participate in the USGCRP. OSTP and the Office of
Management and Budget (OMB) work closely with the USGCRP to establish research priorities
and funding plans to ensure the program is aligned with the Administration’s priorities and
reflects agency planning.

In addition to enhancing research and modeling of the physical climate system, the 2011
USGCRP Budget will also allow for a comprehensive, coordinated focus on four areas of
patticular need: Earth observations, adaptation research, integrated assessment, and climate
services.

Innovation, Entrepreneurship, and Job Creation

The President believes that we must harness the power and potential of technology, data,
and innovation to transform the nation’s economy and to improve the lives of all Americans. The
President’s 2011 Budget targets strategic investments in technology to spur innovation in the
public and private sectors and does so in a manner that changes the way Washington works. Let
me share with you a few key highlights.

As articulated in the President’s Strategy for Innovation released last year, the Budget
proposes a permanent extension of the research and experimentation (R&E) tax credit to spur
private investment in research and development (R&D) by providing certainty that the credit will
be available for the duration of the R&D investment.

The Budget also promotes the commercialization of promising technologies through
smart, strategic investments. The Budget proposes $12 million for the National Science
Foundation (NSF) to support a new [nnovation Ecosystem where universities will partner with
other institutions to increase the impact of the most promising innovations through
commercialization, industry alliances, and start-up formation. The Budget proposes an additional
$10 million in National Institute of Standards and Technology (NIST) programs to foster
innovation in manufacturing with an emphasis on sustainable nanomanufacturing.

The Administration also recognizes that competitive, high-performing regional
economies are the building blocks of national growth, and that we must expand and accelerate
our efforts to cultivate regional economic clusters across the country. The Budget provides at
least $75 million in regional planning and matching grants within the Economic Development
Administration (EDA) to support the creation of regional innovation clusters that leverage
regions’ competitive strengths to boost job creation and economic growth.

What | have given you is only a brief snapshot. As you know, there is important work
being done in broadband, spectrum policy, patent reform, standards and measurements for
emerging technologies, support for the development and adoption of health information
technology, and export promotion. These efforts and investments will help build the foundation
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for sustainable recovery, by fostering the new jobs and industries that will arise from the
innovative and entrepreneurial talents of the American people.

Science, Technology, Engineering, and Mathematics (STEM) Education

The President has been emphatic about his commitment, which I share, to increase the
participation and the performance of American students in science, technology, engineering, and
mathematics, aiming to improve our performance in comparison with other nations from the
middle of the pack to the top of the pack over the next decade. Over the past year, OSTP has
been working with the White House Domestic Policy Council, the Department of Education, and
a number of science and technology agencies to identify and promote concrete actions to help
meet this ambitious goal.

The 2011 Budget invests $3.7 billion in STEM education programs across the federal
government, including a historic $1 billion commitment to improve math and science
achievement among K-12 students, that latter figure an increase of over 40 percent. The impact
of these investments will be magnified by “Educate to Innovate”, a campaign launched by the
President to motivate and inspire young people to excel in STEM education. This campaign has
already mobilized over $500 million in financial and in-kind support from companies,
foundations, philanthropists, universities, non-profit organizations, and grassroots volunteers.

In addition to these investments, the Administration has made great strides in integrating
STEM education into broader education programs. For example, the $4.35 billion Race to the
Top fund in the Recovery Act provides a competitive advantage to states that commit to a
comprehensive strategy to improve STEM education. The 2011 Budget, by providing an
additional $1.35 billion in funding for Race to the Top, builds on these historic investments to
create state capacity, focus on student achievement, and help prepare America’s students to
graduate ready for college and careers.

This Administration is committed to investing in and scaling what works, and to
improving the coordination of federal STEM education programs. The Department of Education
and the National Science Foundation (NSF) are leading an effort, with active OSTP
participation, to increase the impact of the Federal STEM investments I’ve outlined above by (1)
developing an aligned strategy that emphasizes key agency capacities; (2) clarifying evidence
standards used to assess program impact; and (3) identifying the most promising STEM efforts
for further validation, testing, and suitability for scale-up. OSTP looks forward to working with
this Committee on our common vision of improving STEM education for all of America’s
students.

Conclusion

The investments in R&D and STEM education proposed in the President’s FY2011
Budget reflect his clear understanding of the critical importance of science, technology, and
innovation in addressing the most compelling changes our Nation faces. While respecting the
need for overall budgetary restraint under difficult economic conditions, the President is
recommending an array of investments in R&D and STEM education that will keep this country
on a path to revitalized economic growth, real energy security, intelligent environmental
stewardship, better health outcomes for more Americans at lower costs, strengthened national

8
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and homeland security, and continuing leadership in science and in space. 1 look forward to
working with this Committee to make the vision of the President’s FY 2011 Budget proposal
into a reality. | will be pieased to try to answer any questions the Members may have.
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Mr. MoOLLOHAN. Dr. Holdren, Mr. Wolf has arrived and I am
going to let him make his opening statement. Then I will pick up
with my questioning, and then I will yield to Mr. Wolf to follow
with his questioning. And then we will proceed in the order of
members’ arrival here today. After which I will be turning the
chair over to one of the ranking members because the EPA admin-
iitrator is before the Interior Committee and I need to appear
there.

Mr. Wolf, I yield to you for your opening statement.

OPENING STATEMENT—RANKING MEMBER

Mr. WoLF. Thank you, Mr. Chairman. And I apologize for not
being here. I was at a funeral at Arlington Cemetery and I just got
back, so I do apologize.

I just want to make this clear because of your important position.
Last October the Augustine Commission issued a report entitled,
“Seeking a Human Space Flight Program Worthy of a Great Na-
tion.” The proposal this administration has submitted for NASA to
abandon the Constellation vision and strategy leaves the program
worthy of a lesser nation than the United States. You are pro-
posing the most radical change to NASA’s mission and program
since its inception, and yet the President has been silent, and the
White House has been silent since the release of the budget.

You may recall that in August 2008, then candidate Obama told
an audience of 1,300 people in Florida, “Here is what I am commit-
ting to: to continue Constellation.” This is a notable reversal from
the President that will have a devastating, I believe, impact, the
consequences for decades for the future, for the future of young
people, for the future of this country.

Based on the little information that was provided to the Con-
gress, it appears that this plan was hastily developed without prop-
er vetting from NASA’s scientific and human space flight experts.
Over the last week I have heard from a number of Apollo astro-
nauts and NASA leaders. I would like to share with the Com-
mittee, and with you, just a few of the initial reactions and submit
their full statements for the record.

Former NASA Administrator Dr. Mike Griffin wrote, “I believe
this budget request advocates a strategy that is frankly disastrous
for the U.S. human space flight program.” He added that this pro-
posal clears the way for the Chinese dominance in space. China,
which has thirty-four Catholic bishops in jail, hundreds of Protes-
tant pastors, spies against us every day, will literally take the lead
with regard to this program.

Dr. Chris Kraft, the legendary Apollo flight director and former
Johnson Space Center Director said, “The U.S. space program is in
great peril if the President’s budget proposals are enacted.”

Apollo 7 astronaut Walter Cunningham wrote, “This budget pro-
posal,” he said, “accelerates America’s downward spiral toward me-
diocrity in space exploration.”

Apollo 17 astronaut and former U.S. Senator Harrison Schmitt
wrote that this proposal would “cede the moon to China, the Amer-
ican space station to Russia, and consign liberty to the ages. Other
nations would accrue the benefits—psychological, political, eco-
nomical, and scientific—that the United States harvested as a con-
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sequence of Apollo’s success forty years ago. This lesson had not
been lost on our ideological and economic competitors.”

Apollo 16 astronaut Charlie Duke said, “We cannot afford to lose
oug1 leadership in space. The Constellation program must be contin-
ued.”

And perhaps most notably, I received a letter from Burt Rutan,
the X prize winner who flew the first private commercial craft into
space in 2004, who ardently opposes this budget proposal. He said,
“An observer might think that I would applaud a decision to turn
this important responsibility over to commercial developers. How-
ever,” he said, “he would be wrong. Two years after Neil and Buzz
landed on the moon, America led the world in awarded PhDs in
science and engineering and math. Today we are not even on the
first or second page. The motivation,” as you were just speaking
earlier, “the motivation of our youth is the most important thing
we do for our nation’s long-term security and prosperity. NASA’s
role in that can be as critical as it was in the sixties if the tax-
payers fund true research and exploration.”

Manned space flight and exploration is one of the last remaining
fields in which the U.S. maintains an undeniable competitive ad-
vantage over other nations. To walk away is shortsighted and irre-
sponsible. By killing the exploration program in favor of a vaguely
defined “research and development program,” you are guaranteeing
that the Chinese, the Russians, and others will be closing the ex-
ploration gap. We will be dependent on the Russians in the short
term for rides to the International Space Station, and worse, we
will be forced to play catch up to the Chinese and the Russians in
the future. The Chinese, who are aiding and abetting the genocide
in Darfur, and the Russians, who have more of bad things that we
all know through history. When that time comes I fear that the
U.S. will no longer have the resources or the political support to
relaunch our human space flight program.

James Lewis with the Center for Strategic and International
Studies said he sees this decision “as a confirmation of America’s
decline.” In the interim our space flight and manufacturing base
will wither. We will be forced to spend far more to recreate our cur-
rent capacities at a later date.

The editors of “Space News” argued similarly that this could
have a devastating effect on the U.S. propulsion industrial base,
endangering DOD launch operations. This also has very serious na-
tional security implications. Alternative commercial vehicles will
not be available much if at all sooner than the Ares I rocket.
Worse, these alternative contractors have no experience in manned
space flight and the safety measures necessary.

As Norm Augustine said, “Space operations are among the most
demanding and unforgiving pursuits ever undertaken by humans.”
NASA’s workforce has forty years of experience, having learned by
tragedy and success. The Constellation program contractors have
been working on these issues for seven years. As a result of your
plan, at the end of this decade we will only have a few years of
flights to the International Space Station followed by a fleet of low
Earth orbit vehicles with nowhere to go. Worse, you will have no
exploration vehicle system to go beyond the Station. Above all, the
budget proposal leaves NASA with no clear exploration mission
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goal. An agency with no vision or leadership will slowly decay. It
will no longer be a place for our nation’s best and brightest to
work. What we need is a NASA with vision, expertise, and support
to maintain and grow our competitive advantage in space explo-
ration.

And with that, Mr. Chairman, I just yield back and I thank you.

NASA—CONSTELLATION

Mr. MOLLOHAN. Okay, thank you Mr. Wolf. Dr. Holdren, because
I am going to have to leave. I am going to give you an opportunity
to, in a relatively uninterrupted way, speak to the question of
NASA’s decision to revamp its exploration program, to essentially
cancel Constellation and to move forward as proposed in your
budget. I note that prior to your commenting, we were all excited,
I think, those of us who are interested in space exploration, when
President Bush announced what he described as his Vision for
Space Exploration. The problem with that was not the expression
of the vision. The problem was in the funding of the programs that
were necessary to fulfill it. So really what started as an expectation
ended up being a considerable disappointment as the program fell
behind in many different ways and was, as a result of incredible
underfunding and at the recommendation that we probably would
have to be spending $3 billion, $4 billion more a year on it. Not
to catch up, but just to keep the Constellation program going.

I say this not making judgment about the administration’s pro-
posal, frankly. But in fairness, noting where this administration
found itself after its election. It proceeded, I thought, extremely re-
sponsibly by calling on Norm Augustine to head a review commis-
sion. We all have confidence in Norm Augustine because of his
service to the country and his considerable industrial experience.
The Augustine Report, which was the beginning of NASA’s and the
administration’s review of the exploration program, came essen-
tially to the conclusion, certainly implied the conclusion, that is re-
flected in the President’s budget request.

The failure of President Bush’s vision because of his lacking in
the application of adequate resources is measured in a number of
different ways. The gap that increasingly grew between the termi-
nation of the space shuttle and the coming online of another trans-
portation system for U.S. human access to Station, I think, is prob-
ably one of the most glaring measurements of the failure of Presi-
dent Bush’s space exploration program.

So it is, I certainly recognize, and I think most members of this
Committee who work so closely with the science accounts, under-
stand how inspirational a grand vision of space exploration can be,
and how it can drive the decision making of youngsters to go into
science and to go into research. We saw that certainly with Apollo.
But it has to be real, and it has to be not only articulated but it
has to be supported with resources. And if not, then it is in fact
a hollow vision.

Again, that is all not by way of passing judgment on the adminis-
tration’s request, or its proposal, for exploration in and of itself, or
in regard to Constellation. But simply to put in perspective this
issue as I invite you to comment on it, as I say, in a fairly uninter-
rupted way which might be your only opportunity to comment on
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it in a fairly interrupted way. Not only on this Committee, but you
can expect when you come up to have to flesh out the rather skinny
presentation that we have with regard to the President’s proposal
at this time. There is, as you know, an awful lot of interest in this,
and concern as expressed by the Ranking Member. Dr. Holdren.

Dr. HOLDREN. Thank you. Well, certainly there will be more op-
portunities and there will be more detail forthcoming. And I know
the Administrator is going to be up on the Hill tomorrow testifying.
But as NASA has more time to pull all of the details together there
will certainly be a lot more detail forthcoming.

But let me start by saying that as the Ranking Member’s com-
ments indicate, there is certainly a difference of opinion in the
space community about whether this is a good idea or not. The
Ranking Member mentioned, as you did Mr. Chairman, the Augus-
tine Commission. Well Norm Augustine has strongly endorsed the
new proposal. He says “By making a significant investment in cre-
ating commercial capabilities to take humans and cargo to low
Earth orbit, overseen from a safety standpoint by NASA, this will
drive competition, lower costs, open new markets, and make space
more accessible. Similarly, by allocating the technology resources
highlighted in our report as being necessary it will be possible to
lay the foundation for travel beyond low Earth orbit, including des-
tinations such as the asteroids, the Lagrangian points, Mars’
moons, and Mars itself, as well as revisits to our own moon.”

The key point is that what the administration’s plan is aiming
to achieve is not a retreat from the exploration of space, not an
abandonment of human space flight, but an approach to doing it
that invests in advanced technologies to do it better, to do it cheap-
er, to do it faster, to do it safer, and to do it in a way where we
can match the mission to the resources. I think a goal of being able
to operate successfully in deep space is more important as the guid-
ing light for the program than any one destination. And our goal
is to be able to operate in deep space, to be able to reach a variety
of destinations to deploy the technologies that can do that in an ef-
fective way.

Buzz Aldrin, the first person to set foot, second person to set foot
on the moon, after Neil Armstrong, also endorsed it. He says, “the
truth is, we have already been to the moon some forty years ago.
A near term focus on lowering the cost of access to space and on
developing key cutting edge technologies to take us further faster
is just what our nation needs to maintain its position as the leader
in space exploration for the rest of this century.”

So obviously, there are differing views. We could get in warring
quotations probably for a long time. But there are a lot of promi-
nent folks, including the folks on the Augustine Commission, Sally
Ride, the first U.S. woman in space, who strongly endorse the pro-
gram. Obviously there are differing views. I think some of those
differences are going to shrink as the details come out and people
have the chance to discuss them in a variety of forums.

I would point out that we were already going to be dependent on
the Russians no matter what we did the moment the decision was
made. And it was made in the Bush administration. I think it was
made correctly, that we needed to retire the shuttle in 2010. Now
under the new plan we have provided a budget to fly out the mani-
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fest into 2011 if that is necessary, to do it prudently and safely.
But whatever else we did, we were going to have a period of de-
pekr)ldence on the Russians to lift U.S. astronauts into low Earth
orbit.

We think under the new proposal that we will be able to shorten
that period below what it would likely have been in Constellation.
The Augustine Commission conclusion was that Constellation
would not be able to take astronauts to low Earth orbit until 2017
or 2018. That would have been after, under the program of record,
the International Space Station would have been crashed into the
ocean in pursuit of savings to pay for Constellation. The Augustine
Commission characterized the Constellation program as
unexecutable. And they concluded that if Constellation were funded
in a manner that could return U.S. astronauts to the moon before
2025 it would cost between $45 billion and $60 billion more be-
tween 2010 and 2020 than what was programmed under the 2010
guidance.

So we had a big challenge already with the Constellation pro-
gram, in terms of being able to go where the original vision called
for it to go, when it called for it to go there, as again you pointed
out Mr. Chairman in your remarks. And the administration’s task
was to find a way forward for the space program that would main-
tain U.S. leadership in space, that would maintain the capacity to
explore above Earth orbit, that would make it better and cheaper,
and that would do it within the bounds of something that we could
afford in difficult financial times.

I could say more but I think it probably would be better to have
some back and forth.

NASA—HUMAN SPACE EXPLORATION

Mr. MOLLOHAN. There is this woe that this is a real threat to our
human exploration of space. That is going to be a concern. That the
United States has just relegated itself to second place in that area.
Speak to that. How does President Obama’s way forward with re-
gard to human exploration, access, when we get back with our own
transportation system, one approach versus the other. Speak to
this whole concern of human, USA human access to space.

Dr. HOLDREN. By extending the International Space Station we
are ensuring that there are going to be more U.S. astronauts in
orbit over the next decade than there would have been if we had
crashed the Space Station into the ocean in 2016. That is point one.
Point two, in terms of deep space exploration, in terms of getting
humans beyond low Earth orbit, we think the way to do that is
with better technologies. We think NASA has been underinvesting
in advanced technologies for decades. And the result is that we
were talking about going back to the moon, and imagining we could
go beyond someday to Mars, with chemical rockets very much like
those that we had in the sixties and seventies. We need to do bet-
ter if we are to take astronauts as far as Mars and the only way
we are going to do it is with better technology. The only way you
are going to get that better technology is making investments in
developing it.

We have a whole range of technologies that we are able to pur-
sue if we wind down Constellation, and take better advantage of
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the very large sums of money that were going into that program,
which were considerably more than foreseen at its inception. That
makes available money to do research on advanced heavy lift pro-
pulsion, advanced deep space propulsion, on orbit refueling and
fuel storage, a variety of technologies that can make it practical
and affordable for U.S. astronauts to go into deep space. If the Chi-
nese and the Russians keep on with a trajectory that is based on
the old technology we are going to leapfrog right past them with
an approach that invests in American ingenuity to do better.

Mr. MoLLOHAN. Thank you. Again, I am sorry to have to leave
the hearing. I have asked Mr. Ruppersberger if he would dedicate
the rest of the afternoon, and he was kind enough a while ago to
say that he would do that. I would ask that he come and take the
chair and call on Mr. Wolf.

NASA—CHINA AND RUSSIA

Mr. WoOLF. Thank you, Mr. Chairman. Many have characterized
this proposal as ceding leadership in manned space flight to other
nations. Charles Krauthammer wrote that, “Decades from now
there may be a robust private space industry,” but to quote he said,
“in the interim space will be owned by Russia and then China.”
What are the implications of abandoning Constellation at the same
moment that other countries, particularly China, are setting spe-
cific space exploration goals?

Dr. HOLDREN. Well, Administrator Bolden and I wrote a letter to
the editor of the Washington Post indicating that we disagreed
with Mr. Krauthammer on virtually all of his conclusions. I do not
think we are, as I have indicated, I do not think we are ceding
leadership in space to the Russians and the Chinese at all. As I
said, I think we are going to develop technologies that are going
to maintain American leadership in space. Advanced technology
has always been our strength in this country and it will continue
to be our strength. And I think that will apply to deep space as
much as it has applied to other domains.

If the Chinese are able to get back to the moon fifty years after
we did it, I do not think that demonstrates anything about Chinese
leadership. We were there in 1969. We went back five more times
into the 1970’s. Anybody who thinks that the Chinese lead because
they get there fifty years later should talk to Neil Armstrong and
Buzz Aldrin. We are going to stay ahead of them because we are
going to have better technology than they do.

NASA—CONSTELLATION

Mr. WoLF. Was the decision to scrap Constellation fully consid-
ered from a national security perspective? And was the National
Security Council part of the decision making process?

Dr. HOLDREN. Yes, the process that we ran in the White House
after we received the report of the Augustine Commission included
the National Security Council as well as the Office of Management
and Budget, OSTP, and of course it continually included NASA
with the folks at NASA continually in touch with the national de-
fense community as well because they have many overlapping in-
terests and responsibilities. So the short answer to that question
is yes.
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NASA—JOB LOSSES

Mr. WoLF. What do you anticipate as the impacts of this decision
on the workforce, civil service and contractors? And how many jobs
will be lost and when? And what measures do you plan to take to
minimize the impact to job losses and the negative impact on the
industrial base?

Dr. HOLDREN. First of all, the job losses are obviously a very im-
portant concern. They are important to everybody. They are impor-
tant to the Congress. They are important to the President. This is
not a time in which we would lightly entertain job losses of any
sort. We knew we were going to be in for job losses in connection
with the shuttle program as soon as the shuttle was retired. There
was no option that would have avoided significant losses in the
shuttle program as soon as the shuttle had retired.

We think this plan does more to mitigate those losses by creating
opportunities. It is going to create opportunities, as I have indi-
cated, in heavy lift propulsion, in advanced space propulsion. We
have a plan to invest considerable additional resources in the Ken-
nedy Space Flight Center to upgrade its capabilities to make it a
launch center for the 21st century, to increase its capacity to sup-
port the increased number of missions we are going to have. We
are going to have more robotic missions. We are going to have an
increasing number of commercial missions launching from the Ken-
nedy Space Center.

With respect to the jobs in Alabama, the Marshall Center, which
has tremendous expertise in rocketry, obviously, is going to lose
some jobs when Constellation is wound down. But it is going to
gain some jobs in heavy lift propulsion research and in other ad-
vanced technology research in which the capabilities there are un-
matched anywhere. This is a consequence. Anytime there is any
change in direction you are going to have some jobs lost in some
domains, other jobs gained. We are making every effort to maxi-
mize the number of jobs that will be gained by the changes in this
program.

Mr. WoLF. So what is the number of jobs? The question was,
what is the number of jobs?

Dr. HOLDREN. I do not think anybody knows exactly, Congress-
man, what the number of jobs will be. All of those analyses have
a little bit of slop in them.

Mr. WoLF. But you must have looked at——

Dr. HOLDREN. Yeah, we have——

Mr. WoOLF. So tell us what you——

Dr. HOLDREN. We have looked at job losses. I think we are look-
ing at something like 5,000 job losses in Florida. And we think we
will be able to restore at least something in the range of 1,700 to
2,000 of those with programs that we have already identified. And
those are the jobs we were going to lose in the shuttle program
anyway. The number of jobs at risk in Alabama, there are 2,500
civil servants employed at Marshall. Some of those jobs will pre-
sumably be lost but many of them will be retained because of the
additional research and development efforts that will go on there.

Mr. WoLF. Thank you, Mr. Chairman.
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Mr. RUPPERSBERGER. [Presiding] Okay, I think on the list I am
next. And then John, I think you are. I want to get into three areas
continuing some of the questioning on the Constellation, get into
NOAA, and then the final is the restrictions on imagery resolutions
for commercial satellites. There is a big concern there and I think
that if we do not look at that more thoroughly that France, Ger-
many, Spain, Italy are all talking about doing what we do right
nﬁ)w and it looks like it is another ITAR. So I would like to get into
that.

NASA—CONSTELLATION

But let us get back to the Constellation. What you are, and we
want to do what is right for America. And, you know, the adminis-
tration is there, we want to work with the administration. But, you
know, right now this came out of nowhere from where we are sit-
ting, those of us who deal in the space program, whether it is intel-
ligence, defense, or this Appropriations Committee. And we talk,
the concept sounds great. The fact that we are putting a lot of
money into research and development, and we have not done that
for a while. In fact, if you look at, I think, the failures of our space
programs, things that really are still classified, we cannot talk
about all of them. A lot of it is because we took a lot of money away
from research and development and testing and the things that
needed to be done. You can have a major contract with one of the
big boys, whether it is Northrup, or Boeing, or Lockheed, you know,
all the big corporations. And they would have these contracts, and
then they would do the research and development along the way.
It would be over price, over time, and half the time the bird would
be so big because every three-star wanted everything on it and
nothing was going to happen. So I think your concept is good.

My concern is that it is happening very quickly without a plan,
the way we see a plan. And we need to have a plan. And then let
us evaluate that plan. You look at this county, some people feel
that if you control the skies you control the world. When Sputnik
came out we responded as a country in eight years and put a man
on the moon, and that really helped us do the research and devel-
opment to get us where we are now as being dominant in space.
But as you know, we have had a lot of failures. And that is what
I am sure you are focusing on now. But I am worried about the de-
tails, and doing something too quick, too soon. It almost reminds
me of the healthcare bill. And, you know, when you, when you are
focusing on something as important as our national security, and
where you are going to be going, I feel the commercial is very im-
portant. I feel in the area of defense and intelligence we have been
way behind and we have lost money where we could have one, four
satellites to one because of the traditional ways that the, I call it,
not out of disrespect, but kind of a joke, the old bulls, admirals,
and generals, or whatever. And just wanting not to take the risks
that maybe we took when we put a man on the moon years ago.

NASA—MARS

But where the concern is, and I am going to ask you this ques-
tion, is it our intention to put a man on the moon again? Or a man
on Mars again? Is that the administration’s intention?



129

Dr. HOLDREN. I think in short yes. Mars, everybody agrees I
think Mars is the ultimate destination. We are not ready to put a
date on that. There was no date, by the way, on going to Mars even
in the Constellation program. But yes, Mars is the ultimate des-
tination for human space flight beyond low Earth orbit. The Presi-
dent has not abandoned that. Administrator Bolden has not aban-
doned it. We will ultimately put people back on the moon, when we
are ready to do interesting things with them on the moon surface.
The problem with the Constellation program is that we would at
most have been ready to put U.S. astronauts in the vicinity of the
moon around 2028, according to the Augustine Committee. And we
would at that time have not had the capability to put them on the
surface, because we would not have been able to pay for the lander
under the budget that was foreseen.

We will go back to the moon and we will ultimately get people
on Mars. But when we do it we will do it in a way that makes
sense, a way that we can afford, and a way that is safer for the
astronauts.

Mr. RUPPERSBERGER. The way the administration, the perception
at least from my perspective, is that, “Well, we are going to go
where we need to go in space, but we are going to let the commer-
cial side take more control.” And I do not have an issue with that.
And some, as I said before, in defense with some intel. But if you
are going to put a man on the moon, commercial has not had the
research and development. They do not have the capacity at this
point to put a man on the moon or Mars. And by the way, why that
is relevant, too, is because our younger generation, I feel, is not
going to space anymore because these programs are out there for-
ever, it takes forever to go where we need to go. And, you know,
that is, the younger generation really needs to be more active and
we need to focus more in this area of space.

Also, we need to get the country excited. Because people are
tired. They are just not used to having, let me say it this way. In
the old days, an astronaut was as popular as an NFL quarterback.
These days that is not the case. And I think the country just is not
excited about going to the Space Station and back.

I am going to get back, though. What is the plan? I mean, I am
hearing theory but I am not hearing detail. And until you have de-
tail, and we are sitting here as appropriators, and we are worried
about national security. And, you know, it is such a big decision on
where we go and how we are going to develop our space and
science, and how we are going to control the skies. I am worried
we are going too quickly on this thing.

Dr. HOLDREN. Okay, let me respond on a couple of points.

Mr. RUPPERSBERGER. So educate us.

Dr. HOLDREN. First of all, I want to be clear. We are not pro-
posing to use commercial to go to the moon or to go to Mars. The
proposal is to turn over the most straightforward part of the task,
which is lifting cargo and astronauts into low Earth orbit, to pub-
lic-private partnerships in which the private sector plays a bigger
role than it has played in the past. And what has basically changed
here is the acquisition model. We have relied on the private sector
to build the technologies that take our astronauts into space from
the beginning. The Mercury capsule was built by McDonnell. Gen-
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eral Dynamics launched it with an atlas converted from an ICBM.
Rockwell International built the space shuttle. What is changing is
the acquisition model, where the idea is we will buy the service and
the private sector, investing substantial amounts of its own money,
but also some government money at the outset, will deliver that
service. But the technology that we have been using to take U.S.
astronauts into space has always been built by the private sector.

At the same time, by turning over more of that task of lifting
cargo and astronauts into low Earth orbit to the private sector we
are going to free up NASA’s resources to do the more demanding,
tougher, cutting edge jobs for which NASA is uniquely suited.
NASA is going to have

Mr. RUPPERSBERGER. Give me an example?

Dr. HOLDREN. NASA is going to have the responsibility for devel-
oping in-orbit refueling capabilities. NASA is going to have the re-
sponsibility for the development of advanced heavy lift capability.
NASA will have the responsibility for developing the advanced
space propulsion engines that can get us more rapidly to destina-
tions like Mars. If we try to use chemical rockets to go to Mars we
are going to have our astronauts out there for so long we are going
to have a big radiation exposure problem. We need to do this in the
right way, and the right way to do it is advanced technology. And
NASA is the operation that is going to bring us that technology.
We are not turning the whole space program over to the private
sector by any stretch of the imagination.

You are right to ask for more detail. This plan awaited, first of
all, the completion of the Augustine report before the administra-
tion was even going to consider in any detail what the options
were, and which option it was going to choose. It wanted to have
the Augustine Report. We got the Augustine Report. We set up an
interagency process in the White House to consider the findings of
that report, to consider and develop and cost out the options. NASA
was involved in that. NSC was involved in it. We in OSTP were
involved in it. We presented a wide variety of options over a period
of time and we ended up with a decision. This is not a decision that
was reached without a lot of input from folks in NASA. It was not
a decision that was reached without input from the private sector,
from our experienced contractors who are not all, by the way, small
operations. The Augustine Committee had an exceedingly open
process in which they talked with virtually everybody, visited the
major space centers, and so on. But the details do still need to be
fleshed out.

NASA has been working on that very hard ever since the deci-
sion was made to go in this direction, I think you will be seeing
from Administrator Bolden, and others from NASA who will come
up here, the fleshing out that you rightly want before you reach a
conclusion about whether this is a viable pathway. I have seen
enough to believe it is.

Mr. RUPPERSBERGER. There are other, I will get to other ques-
tions in another round, so John, I do want to say this, though. One
of the focuses that I feel has to be looked at is the DOD, intel, and
NASA collaborating a lot more. And a lot of times DOD and intel
to an extent hold their satellites close to the vest when it is not
necessary.
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Dr. HOLDREN. I know that.

Mr. RUPPERSBERGER. And we need to open that so that maybe
a defense satellite or an intel could be used by NOAA, or whatever.
That is something I would hope you would focus on. John?

NASA—AUGUSTINE COMMISSION REPORT

Mr. CULBERSON. Thank you. Thank you very much, Mr. Chair-
man. Dr. Holdren, I heard you say just a moment ago that your
plan, you were waiting for the Augustine Commission Report be-
cause you would not think of releasing this until they had their re-
port, right?

Dr. HOLDREN. Of course.

Mr. CULBERSON. So you developed this plan before you had even
seen the Augustine Report, did you not?

Dr. HOLDREN. No, I beg your pardon. I said

Mr. CULBERSON. That is what you said.

Dr. HOLDREN [continuing]. We were waiting for the Augustine
Report to look at the options.

Mr. CULBERSON. I think that was what you said.

Dr. HOLDREN. No, excuse me, sir, but that is not what I said. I
said we were waiting for the report

Mr. CULBERSON. Yeah, I think that is what you just testified.

Dr. HOLDREN [continuing]. So we could see, we were waiting for
the report so that we could see how it characterized the different
options. We had not decided——

Mr. CULBERSON. You were not even thinking about this and
planning this before the Augustine Commission released its report.
Are there any memos, any discussions at your office, at the White
House of cancelling Constellation before the Augustine Commission
released its report?

Dr. HOLDREN. I would have to go and look to see if there was
any consideration of that. We knew, sir, from many other sources,
from many other analyses, that there were very serious criticisms
out there about the viability of the Constellation program.

Mr. CULBERSON. I know, I was wondering what you——

Dr. HOLDREN. So it would be surprising if nobody involved in any
of these discussions had mentioned those analyses. But certainly I
can assure you no decision had been made about what course

Mr. CULBERSON. A decision had been made but you were waiting
to move until, I heard you just testify you were waiting, you would
not have announced this before.

. Dr. HOLDREN. We would not have had anything to announce be-
ore——

Mr. CULBERSON. But you were already contemplating this.

Dr. HOLDREN. No, we would not have had anything to announce.
Believe me, the President did not know what he wanted to do. We
did not, in the early phases, even have a new NASA administrator.

NASA—CONSTELLATION

Mr. CULBERSON. Let me also ask you, if I could, excuse me be-
cause our time is so limited, I also heard you just say that you con-
templated, this was developed with the input of NASA deputy ad-
ministrators and, you know, you talked to folks out in the field. Yet
the field center heads, who are your best experts, Mike Coats who
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is a prince, he is Director of the Johnson Space Center, these men
and women are the best in their field. And these field directors, the
directors of the field centers, your associate administrators and
field center heads were not even told of the final details of the plan
to cancel Constellation until just a couple of days before its release.
They were not consulted with.

Dr. HOLDREN. They were consulted early in the process and dur-
ing the process about the options, the characteristics of different
possibilities.

Mr. CULBERSON. That is not a direct answer. Your testimony was
you consulted with NASA directors and associate administrators,
and it is a fact that your associate administrators and your field
center heads said they were not told about the decision to cancel
Constellation until a couple of days before the announcement.

Dr. HOLDREN. Congressman, with respect you are not distin-
guishing between consulting them during the process of developing
a decision

Mr. CULBERSON. Well you said consult them about options. I am
talking about the cancellation. You are attempting to cancel Con-
stellation, right?

Dr. HOLDREN. Yes, that is correct.

Mr. CULBERSON. Okay. They were not consulted, were they?

Dr. HOLDREN. They were consulted in the whole process.

Mr. CULBERSON. Did you tell them you were going to cancel Con-
stellation?

Dr. HOLDREN. We did not tell them until we told them, sir.

Mr. CULBERSON. Did you ask them what they thought about can-
celling the Constellation program?

Dr. HOLDREN. I could not tell you who talked to which director
when about the possibility of cancelling the Constellation program.
The Augustine Committee met with all of those folks.

Mr. CULBERSON. No, no, no, you, I am not talking——

Dr. HOLDREN. We were obviously contemplating a wide range of
possibilities.

Mr. CULBERSON. Yeah. Forgive me, because our time is so short.
I am not talking about the Augustine Commission. I am talking
about you and your office, and the folks that sit behind you that
work for you. Did you or any of your staff consult with and ask any
of the field center heads, or any associate administrator at NASA,
what is the impact on American leadership in space if we cancel
Constellation?

Dr. HOLDREN. I did not ask any center director that question.

Mr. CULBERSON. Okay.

Dr. HOLDREN. My assumption is that folks in NASA did.

Mr. CULBERSON. Your assumption? You are a scientist, you do
not assume. You know what that stands for.

Dr. HOLDREN. I could not tell you whether any members of my
staff talked to those particular people or not. I know their
views——

Mr. CULBERSON. Okay.

Dr. HOLDREN [continuing]. Were taken into account in developing
the Augustine Report.
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Mr. CULBERSON. Their views were taken into account? They were
not told of the cancellation until two days before the announce-
ment.

Dr. HOLDREN. This is a different question. The question of when
people get told about a decision, and what consultations go into the
decision are two different questions.

Mr. CULBERSON. The reason for the question, Mr. Chairman, is
very important. Because Dr. Holdren has testified, you just said
flat out that your plan is going to reduce the gap. You are going
to be able to reduce the gap, we are not going to have to rely on
the Russians for as long. I heard you say that. And that is a state-
ment which you as a scientist, I am confident, do not make state-
ments unless you have got verifiable facts that you can back that
up. You did not clearly consult with or ask any of the field center
heads what will be the gap, how long will the gap be if we cancel
Constellation and turn this over to the private sector? And since
that conversation did not occur, you have no basis to make that
statement from field center directors.

And let me also drive this point home. How many, I want to
know how many private contractors you visited with, or asked their
opinions. You say that you can shorten the gap with the private
sector. Did you or anyone from your office ever meet with Boeing,
or Lockheed Martin, or ATK about what the effect on the gap will
be if we turn it over to the private sector guys.

Dr. HOLDREN. I would have to ask the people in my office wheth-
er they did. But the basis for that statement was the Augustine
Commission Report, which said that there was a considerable prob-
ability that the private sector could start putting U.S. astronauts
in Earth orbit by 2016. And the Augustine Committee view was
that Constellation would not be able to do it until 2017

Mr. CULBERSON. Someone from your office did?

Dr. HOLDREN. Sir, I cannot tell you who all people in my office
talked to.

Mr. CULBERSON. Now certainly——

Dr. HOLDREN. I have a very energetic and dedicated staff. They
talked to a lot of people.

Mr. CULBERSON. The Augustine Commission looked at a lot of
different options, and that was one of them clearly. And the state-
ment, though, you made though, that we are going to shorten the
gap if we follow this proposal you have laid out, on what do you
base that? Who

Dr. HOLDREN. I base it in part on the Augustine Committee Re-
port, which concluded that that was a likelihood.

Mr. CULBERSON. Okay. Let me, if I could also finally, Mr. Chair-
man, because I know we are short on time, ask Dr. Holdren, you
directed the administration has essentially as I know has told
NASA to go ahead and begin to start winding down, get ready to
(s;lhut?down Constellation, right? You have already sent out those or-

ers?

Dr. HOLDREN. Number one, I have not sent out any orders.

Mr. CULBERSON. No, the White House, the administration.

Dr. HOLDREN. To my knowledge, and I have seen a letter that
Administrator Bolden wrote in response to a letter from Congress-
man Alderholt and some others.
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Mr. CULBERSON. And me.

Dr. HOLDREN. The NASA Administrator has not sent out any or-
ders to contractors to start cutting things down. They are com-
plying with the law, they are asking, because the President’s pro-
posal is to wind down Constellation, they are asking what it would
cost to do so. That is a different thing than saying stop work, sir.

Mr. CULBERSON. Okay. The reason, Mr. Chairman, is because we
put in this Committee, and we did so quite properly, put into stat-
ute language, Mr. Chairman, that says that none of the NASA
funds provided herein for prior years shall be available for the ter-
mination or elimination of any program, project, or activity of the
architecture for Constellation, nor shall any funds be available to
create or initiate a new program, project, or activity unless such
program, termination, elimination, creation, or initiation is pro-
vided in subsequent appropriations act.

Now that is statute. You cannot in any way alter or change or
Man Launch Space Program because that is our job.

Dr. HOLDREN. Without the consent of the Congress, that is abso-
lutely correct.

Mr. CULBERSON. NASA can’t use one nickel of the money appro-
priated from this Subcommittee to change, alter, or in any way the
Man Space Program.

NASA—AMERICAN LEADERSHIP

And I would say I share everyone’s concern on this Committee
that we—you are proposing surrendering Little Round Top. You
are surrendering the high ground to the Chinese, to India, to our
friends and foe alike, and it is something America has never done
in its history, and I am frankly embarrassed.

Dr. HOLDREN. Well, I don’t agree with that characterization, sir,
with all respect. We do not intend to surrender leadership.

Mr. CULBERSON. I am mortified. Embarrassing and mortifying
that America would—our American President would voluntarily
surrender leadership of the world in science and space exploration
and surrender the high ground to our enemies is mortifying, em-
barrassing, and unacceptable.

Dr. HOLDREN. Sir, that is not what we are proposing to do. We
are proposing to maintain U.S. leadership with what has always
been our strongest suit, which is advanced technology.

Mr. RUPPERSBERGER. I think one thing the statute did say, it did
give the right to modify, I believe. Is that correct? I just heard that
from staff. That is the statute. Mike, do you have any questions?
We have 332 who have not voted.

Mr. HONDA. Thank you, Mr. Chairman. If we leave and come
back I will reclaim my time when we get back.

Mr. RUPPERSBERGER. Okay.

NASA—COMMERCIALIZATION OF SPACE EXPLORATION

Mr. HONDA. The question I have is I guess the choice between
going commercial, privatization of space exploration versus the gov-
ernment doing it in terms of advancing technology and looking at
new technologies.

When we are looking at turning over the task of space explo-
ration in lower orbit, open it to commercialization or commercial ef-



135

forts are we giving up our position on creating new technologies?
Or what role do we play in terms of developing new technologies?

Dr. HOLDREN. Well first of all the proposed plan greatly in-
creases the investments we are making in NASA in developing new
technologies. New technologies for heavy lift, new technologies for
propulsion in deep space, new technologies for refueling in orbit.
We think we need a range of new technologies to make human ex-
ploration of deep space practical, and it is our intention to develop
those.

The increased role of the commercial sector in this plan is con-
fined to an increased role in lifting cargo and astronauts into low
Earth orbit, and we think for that task that the rapidly developing
commercial space flight sector can make a very important contribu-
tion.

Mr. HONDA. So you are saying that we are dividing our respon-
sibilities that we will do the things that they need to have in order
to put their payload up.

Dr. HOLDREN. Well again, they already have rockets, they are de-
signing additional ones.

Mr. HONDA. I understand that.

Dr. HOLDREN. They have already been building rockets for our
program.

Mr. HONDA. I am not trying to argue with you.

Dr. HOLDREN. No, I know, I am trying to answer your question.

Mr. HONDA. Saying that we are going to be developing the tech-
nology for them to use to put their payload up.

Dr. HOLDREN. We have already done some of that. They already
have some of the technologies they need. It is an ongoing inter-
action. It is going to be a partnership. It always has been.

Mr. HoNDA. Will the partnerships increase in terms of them hav-
ing a greater role——

Dr. HOLDREN. Yes.

Mr. HONDA [continuing]. And bear the expense of putting up the
payload?

Dr. HOLDREN. And they are expected to be willing to do that be-
cause they will have customers other than the U.S. government. As
again they already do in putting up communication satellites and
SO on.

Mr. HONDA. For us to recoup the investment we make, what re-
sponsibilities will with they to pay back into the coffers?

Dr. HOLDREN. You are now exceeding my competence. I am not
an expert in the kinds of contracts that will be developed for this
purpose.

Mr. HONDA. No, but there has got to be some sort of a basic con-
cept of we invest the money, they take advantage of it and make
money, and where does that enrichment go to in terms of-

Dr. HOLDREN. Well part of the enrichment goes to maintaining
U.S. leadership in space, because it frees up

Mr. HonpA. Well if you look at—I understand that, you know,
we did that with technology in terms of IT and——

Dr. HOLDREN. Sure, we do it across the board.

Mr. HONDA [continuing]. Other areas, but very little of that
money that we put into it comes back to public education, post-
graduate work where we lead in that. And if we are going to con-
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tinue to lead that and if we have that confidence that we are going
to be able to do that we have to find other ways to be able to, you
know, sustain that in the long term.

Our Congress, every time we talk about other countries, we talk
about them as if they were folks who are not going to be playing
as a team. Are we looking at working with Russia and China and
Japan and the other countries who are going to space as partners?

Dr. HOLDREN. We do that already, sir, to a very substantial ex-
tent. We have up there the International Space Station which we
are extending to 2020.

Mr. HONDA. Yeah, but we

Dr. HOLDREN. We have got Russians up there, we have Japanese,
we have Europeans. They are helping to provision the station.
Their launchers are taking cargo to the Space Station regularly.
That will continue to happen. There are lots of respects in which
we do partner with other countries to the Space Station regularly.
That will continue to happen. There are lots of respects in which
we do partner with other countries to get these tasks done in con-
cert.

Mr. HONDA. And we do that and then we withdraw our partner-
ships at times don’t we? And so——

Dr. HOLDREN. Well, I think——

Mr. HONDA [continuing]. My concern is being consistent in our
partnership and our commitment, but also being consistent and—
I am trying to say it way that I am not going to offend my col-
leagues—but we seem to criticize or put them out there as if, you
know, they are going to be or constant enemies, and our congres-
sional move the past few years where we disallowed our companies
to work overseas to do the launching, we lost of lot of market share
in the world. And so you know, we either do it right and be con-
sistent, and you know, if Congress went off on one end or the other,
that somebody’s got to say, you know, let us just be consistent
about this thing. You know, we are very schizophrenic about our
global relationships, and I think that we need to do some work in
that area too.

Dr. HOLDREN. I would agree with that. There is obviously a long-
standing tension between competition and cooperation in a lot of
these domains, and you have to decide when you are going to co-
operate and when you are going to compete. We are doing a lot of
cooperation in space.

Mr. HoNDA. Right. And I don’t think that we have a problem un-
derstanding that because we do that in Texas, we do that in Cali-
fornia in terms of, you know, the technologies. Is we have to be
able to do that with come confidence with other countries, and at
the same time they have a problem with us too I am sure, because
they have a history from their point of view, and using a minimum
of understanding that we deal up right now just in the area of glob-
al warning, we end up sharing the IPs and not fight over it.

I guess the other thing we need to do if we are going to move
into this arena is to start looking at how we talk about and how
we treat our relationships as we move forward in the technology.

Dr. HOLDREN. No, I agree that is important. I do think we made
our partners very happy by extending our commitment to the space
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station rather than saying for reasons of our budget we have to
crash it into the ocean in 2016.

Mr. HONDA. Real quick question.

Mr. RUPPERSBERGER. We are going to have to adjourn the meet-
ing temporarily—we will come back. There are three votes, two
after this, then we will come back.

Dr. HOLDREN. Okay.

Mr. RUPPERSBERGER. It will probably be about 20 minutes.

NASA—SATELLITES

Mr. HONDA. So let me just finish my question though. At Lock-
heed, which is one of the contracts, they are developing some sat-
ellites for our Constellation Program, correct?

Mr. RUPPERSBERGER. We have ten more votes.

Mr. HONDA. And my understanding is that they are going to
have to stop at a certain point, but we will have approximately four
satellites up there to continue our mediums to put up satellites so
that we have an increased efficiency and geo positioning and con-
trolling kinds of things that we control with these satellites both
commercial and military.

Dr. HOLDREN. Right, those aren’t part of the Constellation Pro-
gram.

Mr. HONDA. They are not?

Dr. HOLDREN. They are not

Mr. HONDA. Then why is TSAT, I understand that TSAT is going
to be set aside or we are not going to be funding it beyond a certain
date, and they are already working along those

Dr. HOLDREN. I am not sure what the connection is between the
satellites you are talking about and Constellation Program.

Mr. HONDA. Does anybody else know?

Dr. HOLDREN. Those are separate. The Constellation Program
consists of the Ares 1 rocket for lifting crew and cargo into low
Earth orbit; the Ares 5, which is a heavier rocket; the Orion Crew
Capsule; and the Altair Lander, which was intended ultimately to
land on the moon. But there are no satellites in the Constellation
Program.

There are a whole variety of satellite programs that are very im-
portant that we are continuing to fund.

Mr. HONDA. So TSAT has nothing to do with this then?

Dr. HOLDREN. Yeah.

Mr. HONDA. Then can you help me understand why the future
funding of that is going to be on hold where the next generation
they are looking at to be able to produce the system that we have
out there and increase our dominance and control of the technology
and satellite and geo positioning? And maybe I can get a response
back in writing.

Dr. HOLDREN. Yeah, this is a military satellite, but I would have
to get back to you on the details. I am not familiar with the TSAT
Program or what’s happened to its budget. So I would have to look
into that, sir, and we could get back to you.

Mr. HoNDA. Okay.

Mr. ScHIFF. Mr. Aderholt?
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Mr. ADERHOLT. Mr. Chairman, we have two, five-minute votes
after this, and my question is going to take a little longer. Could
we just recess for just for about five or ten minutes and then——

Mr. ScHIFF. Well, if you don’t mind, Mr. Aderholt, I have got a
short question. Maybe I can get that in now.

Mr. ADERHOLT. Well then I just defer. Go right ahead.

Mr. ScHIFF. Okay, thank you.

Mr. ADERHOLT. I will go vote and then I will come back. Okay.

NASA—PLANETARY SCIENCE PROGRAM

Mr. ScHIFF. Super. Mr. Holdren, I wanted to ask you about the
Planetary Science Program. The President’s budget does a great job
of funding earth science missions and continues funding for current
planetary science missions, but it doesn’t do much to move future
planetary science missions into the formulation stage, in particular
the outer planets flag ship mission to Europa is not moved into the
formulation phase. The budget mentions that NASA is waiting for
the results of the Planetary Science Decadal Survey before formu-
lating the mission, but this mission was recommended in the last
decadal and has been ready to begin development for several years,
so that seems just another delay, another excuse for delay.

Those of us that have been strong supporters, but don’t under-
stand why we continually—it gets approved by one decadal and we
got to wait for another decadal, and why isn’t NASA funding the
development of an outer planets mission in 2011?

Dr. HOLDREN. I don’t have the answer to that off the top of my
head, it is another one I will look into and get back to you. I am
not sure what the answer is.

Mr. ScHIFF. Okay, I appreciate if you would get back to us on
that. That was the only short question I had.

Let me start with the next one and we will see how far we can
get.

NASA—HEAVY LIFT CAPABILITY

The new budget discusses heavy lift, but not with a lot of detail.
The only time line mentioned is a vague statement that we should
have a new heavy lift first stage engine by 2020, developing a vehi-
cle will then take many more years leaving us without a heavy lift
capability until 2025 or 2030. All though the commercial space
flight companies are making great progress they don’t have plans
for heavy lift.

What would be necessary to get us a heavy lift vehicle by 2020
to move up the timetable, and can the technologies outlined for de-
velopment using funds currently devoted to Constellation reduce
the size of the heavy lift launcher we might need?

Dr. HOLDREN. Let me take the last question first. Certainly some
of the technologies that are going to be explored under the new
plan can reduce the need for heavy lift. For example, if you can de-
velop and demonstrate in-orbit refueling then the need for how
much mass you have to put up at one shot can be reduced and you
candhave a smaller heavy lift capacity than you would otherwise
need.

There are a variety of other advanced technologies that can effect
that. For example, if you get advanced space propulsion that
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doesn’t need as much chemical fuel to go where you are going you
can again reduce the amount of mass you have to put up there.

There is no very specific timetable beyond the general goal you
mentioned in part because we don’t know until we start reinvesting
in technology how fast we can make progress and what the most
attractive possibilities will be that could be converted into real
operational systems. So obviously this is something that is going to
be revisited continuously after the research that we have been ne-
glecting for so long gets back under way. Obviously the sooner the
better from the standpoint of our capacities to explore deep space.

But you know, I have to remind everybody that we wouldn’t have
really had the Ares 5 ready to go, according to the Augustine Com-
mittee, until the late 2020’s in any case. I mean, we were looking
at a shortfall in heavy lift capability under the old program, not
just under the new.

NASA—VISION

Mr. ScHIFF. Let me ask you a broader question in terms of the
vision behind the NASA Human Exploration Program. In par-
ticular the moon, while it was somewhere we had gone before was
still a goal that caught the imagination of the American people and
the plan to get there had goals and time lines. The President has
not been explicit about the long-term goal of all the research that
is set out, the research and development work that is going to
Mars, and that is a serious concern.

Is this plan the faster way to get us to Mars? And if so, why
hasn’t the President made that case?

Dr. HOLDREN. I think we will be hearing from the President on
this. I can’t give you a date, but it has been the President’s inten-
tion to speak up on this topic. As you know he has had his hands
pretty full on some other topics, and I think they don’t want to put
too many out there at once, but we will be hearing from the Presi-
dent on space policy and what his vision is.

Mr. ScHIFF. Well, I think that is really vital. There is a lot of
concern here, as you can tell, with the direction of the Space Pro-
gram and with, you know, the loss—the potential loss of our lead-
ership in this area that has been the source of great pride for the
country and innovation and technology, and if there is a good case
to be made for why this advances those goals it really will need to
be made very forcefully.

I mean, I represent an area that is very heavily involved in
robotic exploration——

Dr. HOLDREN. Right.

Mr. SCHIFF [continuing]. And the budget is very kind to robotic
exploration, but I also have a great support of the Man Space Pro-
gram and share the concerns about the degree and length of time
in which we will be reliant of the Russians or anyone else for that
matter, the degree to which turning our Space Program into an
international program will result in—potentially result in delays
and loss of American leadership in this area, and I think we would
really benefit if we made clearly articulated vision about where our
Space Program is going and how this is the best direction to get
there.
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I mean, I am obviously mindful of the budget realities and have
lamented over the last several years that our aspirations and our
policies far out stripped our capacity to pay for them, so I have
never envied the task of reconciling those two, and I know if you
had your way you would have the President focused on this all the
time, but he obviously has a lot else on his plate as you mentioned.

I am going to head down, and we probably won’t have other
members back before this series, so we will recess then until the
conclusion of these votes.

Dr. HOLDREN. Good. Thank you.

[Recess.]

Mr. RUPPERSBERGER. Good afternoon.

NASA—CONSTELLATION

Mr. ADERHOLT. Thank you, Dr. Holdren for being here today and
for your testimony. And no one envies your job that you have and
certainly we all appreciate it, it is a very difficult job that you have
and what you are doing.

I would want to mention a little bit about just the overall, and
from in recent years the entire discretionary budget requested av-
erage just under $1 trillion. President Obama’s budget request av-
erage over $3 trillion of course that is not counting the stimulus.
Our hope was that NASA’s request would include realist dollar
amounts for human exploration.

The Augustine Commission suggested two to three billion per
year for any of the human space flight options to be realistic. The
current plan that is before us flushes away $9 billion invested in
the Constellation, commits U.S. taxpayer to at least two billion
more dollars to shut down these programs, and provides a top line
increase of slightly more than $1 billion per year for five years. It
terminates the only launch and capsule program which have been
guided by NASA’s safety criteria to the level of being human rated
by NASA. This plan abandons any open of astronauts actually
going anywhere beyond the station for at least 20 years.

I am aware of the OMB statement of NASA’s mission, I am get-
ting ready to go to Mars, but these science projects should be
worked on at the same time as the launch systems like Constella-
tion which will actually get us somewhere.

My first question is regard to the speed that NASA is shutting
down the Constellation, even though the commercial options for
human space flights are not ready at this point. Fixed costs of
launching Ares 1 would be about $1.2 billion a year, any launch
system is going to have that high of cost or higher. The marginal
costs are costs per rocket would be about 120 million for Ares 1,
plus about 50 million for Orion Capsule. The latest estimate for the
Completed falcon 9 is about $130 million.

Meanwhile we should note that the original March 2006 con-
tracts NASA sign would the two companies which won COTTS con-
tract called for three demonstration flights by the fall of 2008
showing the ability to deliver cargo to the International Space Sta-
tion, almost four years later we are still waiting on that first flight.

The transfer of human space flight missions to commercial com-
panies only goes against number one, 2005 and 2008 Space Act
bills, 2008 Aerospace Safety Advisory Panel reports, 2009 Aero-
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space Safety Panel report, and even the Augustine Commission,
which I know you referred to earlier, has recommended a back-up
launch plan.

The intent of Congress was clearly that NASA would continue
these programs until Congress made a decision on the President’s
proposal.

Isn’t it a big risk for our Space Program for NASA to be aggres-
sively canceling and freezing all Constellation contracts which were
on schedule to be awarded this year?

Dr. HOLDREN. Well, first of all, Congressman, I believe we are
talking about the fiscal year 2011 budget here. This is the Presi-
dent’s proposal for what he would like to do in 2011, which obvi-
ously is going to be before this Committee and other committees of
the Congress.

As I understand it, and I read your letter to the NASA adminis-
trator and I read the response from NASA. As I understand it,
NASA is not terminating these contracts at this point, it is not in
violation of the statute to which you refer here, and it is not
NASA’s intention, certainly not the Administration’s intention, to
violate the statute.

We know we need to work with Congress if we are going to exe-
cute this change in approach in NASA’s Human Space Flight Pro-
gram and we would plan to do that. There is no intention to violate
the law and I don’t believe the law is being violated.

Mr. ADERHOLT. So it is your position then that they are not can-
celing or freezing any of the contracts?

Dr. HOLDREN. My understanding is the understanding embodied
in Administrator Bolton’s response to your letter. I don’t know any-
thing that would contradict that at this point. I must say that con-
tract law and contract management is not my field of expertise

Mr. ADERHOLT. Uh-huh.

Dr. HOLDREN [continuing]. And so I am relying here on what I
read in these materials and what the administrator and his staff
tell me, which is that they believe they are in compliance with the
law. And the intention is to work with the Congress to implement
the change-in-direction for the Human Space Flight Program, put-
ting a heavier emphasis on the development of new technologies,
as has been outlined in the Administration’s fiscal 2011 budget.

Mr. ADERHOLT. So based on the knowledge you have been given
and if they were to ask your advice on it you would advise them
not to cancel or freeze any contacts?

Dr. HOLDREN. My advice first of all would be to comply with the
law.

NASA—COMMERCIALIZATION OF SPACE EXPLORATION

Mr. ADERHOLT. Yes. Okay. The two Space Act bills passed by
Congress in 2005 and 2008 supported some commercial space flight
development, but never to the point of eliminating our primary
launching capsule plans. NASA has spent $500 million on the
COTTS Program. NASA’s budget adds another $312 million, which
is an additional 60 percent on top of the 500, and then another 500
on top of that in fiscal year 2011 for the commercial crew, and then
billions more.
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Was there a market study which showed that multiple rocket
companies can survive without continued taxpayer support? And
can you tell us just how many jobs are created in the first two
years and how many jobs are lost?

Dr. HOLDREN. It is my impression that there have been a num-
ber of market studies, presumably some of them done by these
companies or by their investors about what the prospects for com-
mercial space industry are. I am not personally familiar with those
studies, and I can’t tell you what particular studies say about the
number of jobs. I have seen an estimate that something like 1700
jobs could be associated with the early phase of the growth of a
commercial space industry as envisioned in the President’s pro-
posal, but again, this is not—I have to tell you, not my domain of
expertise. The economic assessment and the jobs assessments,
there are other folks who have looked at that much more closely
than I have.

Mr. ADERHOLT. So you are not real sure about whether there has
been any studies?

Dr. HOLDREN. I am sure there have been market studies. I mean,
these folks aren’t crazy, they are not investing their own money,
as many of them are, without having done some studies to deter-
mine that there is a market.

%\f/Ir. ADERHOLT. You are just not aware of any that you your-
self——

Dr. HOLDREN. But I am not personally—I haven’t read those
studies, I am not familiar with them in detail.

Mr. ADERHOLT. All right.

Dr. HOLDREN. But I would be happy to get back to you on——

Mr. ADERHOLT. Sure.

Dr. HOLDREN [continuing]. What exists.

Mr. ADERHOLT. If you could that would be very helpful if you
could check into that and find out and let me know all about that.

Dr. HOLDREN. Yeah.

Mr. ADERHOLT. Thank you.

Mr. RUPPERSBERGER. I guess we will start another round, so I
guess I will start the round. We won’t have any votes that is for
sure.

NASA—INTELLIGENCE

I asked you when we had a conversation at the White House if
you had seen or heard of this report that the Select Committee on
Intelligence had done about the Space Program. We’ve had a lot of
failures, and for one year the Technical Tactical Committee of the
Intelligence Committee did a year investigation, hearings with all
the majors, commercial NRO, the DNI really was our partner, and
then we wrote a report, and I assume you haven’t seen the report.
And the only reason I

Dr. HOLDREN. This one.

Mr. RUPPERSBERGER. Well you see it now. But why I want to
raise this, because—and I said how we were caught by surprise,
and a lot of what happens in relationships between administrations
and Congress is because a lack of communication and not the right
person knowing who where is doing what. But here you have a re-
port that deals on a lot of the issues that you are talking about,
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more on defense and Intel, but because of the failures we had, and
yet the transition team of course would sit down and go over it and
most of that information doesn’t go where it needs to do.

But you know, I think that that is why when you have people
that—like a Committee or an Appropriations Committee that we do
NASA’s budget, and in Intel you have an authorizing Committee
and you do all the research and development.

It is important I think that you or your staff at least read these
kind of reports or see if they are out there when you are dealing
with Congress, because we really understand the problem I think
fV_Vher;e you are going, but now the issue is do we agree on how you
ix it?

Dr. HOLDREN. Uh-huh.

Mr. RUPPERSBERGER. And again, you started out this hearing
about money, we know we have to deal with the issue of money.
There is not enough money around to take care of DoD, Intel, and
NASA, and NOAA all together, so there has to be some changes.

Your concept clearly of research and development is where we
need to go, but don’t think Russia and China aren’t out there also.
I mean last year China graduated 606,000 mathematicians, engi-
neers, and scientists. We are about 66,000.

The good news, and I want to ask you this question, I have been
told our curriculum is still superior, but it is not
Dr. HOLDREN. It is, but the gap is narrower.

Mr. RUPPERSBERGER. The gap is clearly narrowing. And I think
the anxiety you hear from my friends on the other side of the aisle
too, and I have the same anxiety, when we in fact make a really—
a bold move, when we take almost like a drastic move in saying
all of a sudden we are going to do away with a lot of these pro-
grams, you have a lot of industrial base that have jobs there and
a lot of minds that need to be—make sure that they are corrected
to other areas. I am just concerned that it is going too quick. We
want to do what is best, but I am concerned it is going too quick.
I think commercial, as I said before is very positive and we need
to do a lot more of it, but you know, I am not sure on how much
we can do to get where we need, and if we step back and we allow
Russia or China to control the skies I think we have problems.

NASA—SATELLITES

I want to get into two other areas. The one area that I want to
discuss is the—and I think this is your field by the way, or you
have a lot of say over this, and that is the restrictions on imagery
resolutions for commercial satellites.

You know ITAR, and by the way in this report we talk about
ITAR, how we before ITAR we controlled 73 percent of the space
industry, we are at 27 percent now, and it is slipping, and we got
it passed in the House, now we have to get something done in the
Senate, and hopefully we can do something with respect to ITAR.
But I see the same analogy here that we are so restrictive on im-
agery resolution for commercial satellites. And France, Germany,
Spain, and Italy are all building satellites that have current resolu-
tion capabilities that we can’t do it because we won’t let our people.
And I would hope that you would look at this so that we can be
competitive.
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Congress passes way too many laws, and a lot of these laws have
unintended consequences, and I think this is exactly what hap-
pened in ITAR, and I think it is happening here.

So could you give me a commitment that you will evaluate our
restrictions on imagery resolutions for commercial satellites?

Dr. HOLDREN. Absolutely.

Mr. RUPPERSBERGER. Have you looked at it already?

Dr. HOLDREN. Absolutely. We have started to look at that. The
Administration is looking very carefully at the whole ITAR and the
larger export restrictions domain. We know we have problems
there, and my own view is that it is possible to make some consid-
erable improvements that will benefit both our security and our
economy.

Mr. RUPPERSBERGER. And of course you have to balance the secu-
rity. But you know, ITAR has taken ten years just to get something
out of the House, and we did it in a bipartisan way, now the Sen-
ate is sitting on it.

Dr. HOLDREN. I mean, you know

Mr. RUPPERSBERGER. We need the Administration to step up for
ITAR right now.

Dr. HOLDREN. And I think you are going to see that.

But on the specific question you raise about the resolution of
commercial imagery, yes, we are looking at that. We know there is
an active global market in imagery, we monitor those developments
closely, we understand their issues related to what our government
will allow that are problematic in that domain, and we expect to
be reviewing and updating the Administration’s position on that.

Mr. RUPPERSBERGER. And that is probably going to be soon?

Dr. HOLDREN. Yes. I have no problem giving you the assurance
you want, Congressman, that yes, we are looking at it, we will be
looking at it, and sooner rather than later. We are already looking
at it.

Mr. RUPPERSBERGER. Okay. The other issue is weather satellites.
Now we know probably you need usually one boss, that is a prob-
lem when we had the DoD and I think——

Dr. HOLDREN. NASA, NOAA, and DoD.

Mr. RUPPERSBERGER. You know, not any real boss and you need
one boss, you need a plan, whatever, I mean that is just basic man-
agement. And then I think you all made a decision to give the
weather satellites over to NOAA and then they canceled the sat-
ellites. And even though we know we have two satellites in the
barn, so to speak, they are older satellites.

But my concern about the cancellation of the satellites, again,
something happening rather quickly, there is a lot of research and
development and there is a lot of technology that exists right now
that is almost ready to go, because this project has been out there
for a while, and with NOAA coming in and saying well we are can-
celing the project that we were working on, that I am afraid we are
going to lose millions, if not billions of dollars, a lot of research and
development that has been there, and it is a move that I am con-
cerned about.

Dr. HOLDREN. We are not canceling things there. We are split-
ting the responsibility for acquisition between the morning and the
afternoon orbits in these polar orbiting environmental satellite sys-
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tems so that the DoD is responsible for acquisition for the morning
orbit, and NASA and NOAA responsible for acquisition for the
afternoon orbit, but we are not terminating the work that has been
going on on the instruments, we are not losing that investment.
Those instruments are going to fly, they are going to continue co-
ordination of the data streams and the ground station.

A lot of the problems with that program have been in the acqui-
sition stage, and we think we’ve got an approach:

Mr. RUPPERSBERGER. By the way, that falls to space too, is that
true?

Dr. HOLDREN. Yeah, yeah.

Mr. RUPPERSBERGER. Sorry.

Dr. HOLDREN. We think we’ve got an improved approach to that.
It is a tough problem in which one is looking in a way for the least
bad solution because there is no ideal one. They all have some li-
abilities, but we are certainly not terminating these capabilities, we
are not terminating the instruments. We are going to finish those
instruments, we are going to fly them.

Mr. RUPPERSBERGER. In preparation for this hearing today we
just got this information, but I would like to know what is our plan
for future satellites? Are we going to rely on your opinions more?
Where are we going? The two that we have in the barn are I be-
lieve rather old, I mean they don’t work at least.

Dr. HOLDREN. Well those are the ones that DoD has in the barn.

Mr. RUPPERSBERGER. Right, okay. Now where is our plan for
weather satellites? Do you have a plan for that down the road?

Dr. HOLDREN. Well in short yes, we do have a plan for weather
satellites. And again, the origin of this program was the realization
that the needs of the DoD and the needs of NOAA in terms of
weather satellites overlap quite a lot, and the theory was that since
these needs overlap so much why not combine them into a single
joint operation which would meet the needs of the civil sector and
the military sector at the same time? Now that turned out in prac-
tice to be a lot harder to execute I think than anybody imagined
when it was thought up in the '90s, in part because of the different
acquisition models of these agencies, their different degrees of risk
tolerance, and differences in their missions——

Mr. RUPPERSBERGER. Uh-huh.

Dr. HOLDREN [continuing]. Which were greater I think than folks
were imagining when they put this together.

But the fact that we are separating now part of these particular
missions doesn’t have any implication for conceding leadership in
weather satellites and earth observation satellites to other coun-
tries.

We are for these particular polar orbiting satellites relying on the
Europeans for what’s called the mid-morning orbit. We have been
for a long time, we will continue to do that because they are mak-
ing the observations and making the data available that we need.
But you know, we have a robust program of weather and climate
monitoring satellites and we are going to keep one.

Mr. RUPPERSBERGER. Okay. Okay, who is—Frank are you next?

Mr. WoLF. Sure. Thank you, Mr. Chairman.
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I don’t think I am going to ask really many questions, but I think
there is a degree of secrecy or urgency that has been connected
with this decision.

I just saw this press release here and it says, “Attorney General
Eric Holder didn’t consult the Department of Homeland Security
before he made plans to try alleged September 11 mastermind
Khalid Sheikh Mohammed in New York city, Homeland Security
Secretary,” Janet Napolitano said Wednesday.

I think the same thing is really happening here. I voted against
the stimulus package, but there were some members, and I thought
it made some sense that asked the Administration, particularly
with some of the funding that went into areas that then create jobs
to have taken some money out of the stimulus. I believe there were
some members of Congress, I don’t know how many, that sent a
letter down. Perhaps some voted for the stimulus, perhaps didn’t
vote for the stimulus, and I know that the Administration has been
critical of people who—and I have gone to for ribbon cuttings for
any stimulus money because I didn’t vote for it, and I would never
go to a ribbon cutting. But there apparently were a number that
said you ought to consider it.

NASA VISION

Secondly there is really a concern that there really isn’t a goal,
there really isn’t a vision, there isn’t anything that kind of captures
your imagination the way that President Kennedy did about put-
ting a man on the Moon.

I have a whole series of questions that I will submit, but it
doesn’t appear to me that you really have a goal. It doesn’t appear
to me that you have a vision that you can capture. And you were
talking as I came in about the STEM grants. You know, 50 percent
of the STEM funding last year as laid on the table was not
accessed. We are losing the young people because there is not that
imagination, that interest, and everything else. We used to be num-
ber one on all these test scores and now we are dropping, we are
dropping, we are dropping.

And I think before you do anything, I am going to oppose what
you are trying to do. I have talked to Dr. Griffin, I have talked to
a number of other people, some just call me out of the blue. To me
I think it is an abdication of America’s leadership. The thought of
having to abdicate leadership to the Chinese, and your viewpoint
on China and mine are totally different. The President wouldn’t
meet with the Dali Lama, similar to President Ford, wouldn’t meet
with Solzenitzen, and you know, but to have the Chinese impact
us that way, and I think what this means is they are probably
laughing about this in Beijing.

But I think you needed a public aspect, you needed to bring some
of the best minds together. Iron sharpens iron. Bring them together
to have a public discussion as to where we go. I am not going to
say everything you have said is right, or everything you said is
wrong, but it was sort of a surprising decision, and the NASA peo-
ple have called me.

One of the interesting things about my district, my district is
Northern Virginia out into the Shenandoah Valley. When the Ad-
ministration was going to secretly move terrorists from Guanta-
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namo Bay and put them in Northern Virginia I had asked Eric
Holder about it, they refused. Finally people from different agen-
cies, three different agencies called and told me today the Adminis-
tration are moving the people. So a lot of the people that work in
NASA and even some that maybe work right where you are, live
in my district, some go to my church, so everyone that is called felt
that this was done in a very, very poor way. And so whatever you
do you need to bring people together of all different viewpoints.

I stipulate you certainly are not a bad person. I mean, I don’t
think that you are trying to destroy the program, but bring every-
one in together—and you didn’t do that—and as a result of that
there isn’t any plan, there aren’t any ideas, and your people are be-
coming demoralized. I talked to a person the other day who was
down at the space shuttle launch and they said the administrator
in NASA told the people, and now you have done a great job, you
won’t be around next year because you are all going to be gone, but
you have really done a great job. That’s, demoralizing. Here you got
a person who has been with NASA, dedicated, working the hours
that they work, done what they have done, maybe have one kid in
college, another kid, you know, getting ready to go into college and
you just tell them you are out, you are gone.

Now this isn’t a jobs issue for me. I don’t represent Alabama, I
don’t represent Texas, I don’t represent Florida. I represent the
Northern Virginia area, and so I just think the way you have gone
about it has a degree of arrogance, and I think you are going to
have a problem.

I am going to do everything I can to stop this and to see if there
is a way to kind of look at this thing in a different way.

With regard to that I am not going to ask you other questions.

Mr. RUPPERSBERGER. John. John.

NASA VISION

Mr. ABNEY. Yeah. Thank you, Mr. Chairman. I as a Houstonian
do not physically represent NASA, and my passion and support for
the Space Program stems out of a personal passion for the sciences.
I have been an amateur astronomer, was a nerd in high school,
bought myself a telescope when I graduated from high school, great
passion about my support for the sciences, medical scientific re-
search, and NASA for the technological benefits, but as Mr. Wolf
has just so eloquently said, NASA sparks vision and hope and in-
spiration in young people where no other government agency can.
It is probably the only federal function other than our military, God
bless them, the young men and women that go into the Armed
Forces have a great deal of zeal in their hearts and excitement for
the mission that they have and it inspires a lot of young people to
go in the military, the work that our men in uniform do.

NASA inspires young people to go into the sciences and mathe-
matics, and to engineering and is the one agency frankly among all
of the federal government that has a highest level of public ap-
proval, support, and it is a fact no matter what you, you know, said
or how you couch it in terms of you consulted with NASA adminis-
trators or with the center directors about options. The center direc-
tors were not told in advance that the Administration’s number one
consideration was to cancel Constellation. It was done very poorly
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as Mr. Wolf says, and these are wonderful good people who I hon-
estly—I don’t have—I have got maybe a few jobs in my district
from NASA, I am on the far west side of Houston, and this is really
a personal passion for me. I feel as the members of this Committee
do that our investment in the sciences and NASA is a viable part
of our strategic.

I support strongly what Mr. Ruppersberger does in his com-
mittee, and how important those intelligent assets are in orbit, how
critical it is that we preserve that lower orbit capability at an abso-
lute minimum, and if the Administration were, Dr. Holdren, to suc-
ceed in canceling the Constellation Program, what space vehicle as
we sj)t here today is capable of carrying humans into space and how
soon?

Dr. HOLDREN. Well first of all, Congressman, let me clarify a cou-
ple of things. The first is I too was a nerd. I have two MIT degrees
in aeronautics and astronautics, my senior class project at MIT,
which I loved, was to design a man to Mars mission, and we did
it. Class of 1965, 300 pages. And so I understand everything you
are saying about the importance of NASA, its inspirational effect.

I was one of the kids who was inspired by the need to respond
to Sputnik in 1957, I was at the beginning of my high school years
at that time, and so I completely relate to that set of views.

Nothing about what we are doing is intended to run down NASA,
to retreat from U.S. leadership in space. I understand we have a
disagreement about the right way to do it, but you need to under-
stand first of all that we think we have an approach that will help
NASA inspire again.

I don’t know if you knew about the event last October 7th, As-
tronomy for Kids on the White House lawn——

Mr. ABNEY. But your intention is not what’s at issue here. The
point is what the effect of what you are doing is you have—you are
proposing to cancel the Manned Space Program. There is no other
way to look at that. If you cancel Constellation the only man ready
rocket in the U.S. inventory today is Ares, it just was tested, it will
be land ready very soon, that is the one rocket we've got. Burt
Rutan, who is opposed to what you are doing, succeeded in doing
this, only as Alan Shepard did. He just went up and down very
quickly. So

NASA—MANNED SPACE PROGRAM

Dr. HOLDREN. I understand that, but——

Mr. CULBERSON. And other than Ares what other rocket——

Dr. HOLDREN. Ares——

Mr. CULBERSON. Please answer my question. Other than Ares,
what rocket as we sit here today is ready within how many years
to carry humans into orbit?

Dr. HOLDREN. First of all Ares is not ready. Ares would not be
ready until 2017 or 2018 in the judgment of the Augustine Com-
mittee.

Mr. CULBERSON. I am not asking about that.

Dr. HOLDREN. Well the point is it is not right to say “well, we
have Ares” as a bird in the hand and you are only offering birds
in the bush. Ares is out there too. Ares is 2017 or 2018 if every-
thing goes well.
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Mr. CULBERSON. It has been tested successfully and it is already
on path and we've spent $3 billion dollars, Mr. Ruppersberger, I
know we all on this Committee we spent $3 billion getting that
rocket ready and it is on track, it is over budget, and it is a little
behind schedule, these things are complicated. But other than
Ares, if we take Ares as you propose to do, you cancel Ares, what
rocket as we sit here today is ready to carry humans into space and
how soon?

Mr. HOLDREN. None are ready to carry humans into space today.
No U.S. rocket is ready to do that today.

Dr. CULBERSON. So which one as you sit here today will be
ready?

Dr. HOLDREN. On that time scale we could have a Space X rock-
et, we could have a Boeing rocket, we could have a man rated
Delta 4, we could have a man rated Atlas 5. The short answer is
I don’t know which one is going to succeed.

One of the merits of the American system is when you turn the
private sector loose and say we have got this task and you are
going to get to compete for success, we will have a success.

Mr. CULBERSON. And I got a little excited last time because this
upsets me, this upsets me a lot. But there it is, gentlemen, it is
speculative. There is no rocket ready to take the place of Ares. The
gap is going to be five years. I wish there were no gap. And I was
appalled when the Bush Administration’s vision turned out to be
a press release and they didn’t give this Committee the money we
needed, and we know it, you know how it came about. It was infu-
riating and it under funded NASA, short all those wonderful em-
ployees with mortgages as Mr. Wolf so correctly pointed out. I
mean you have got kids in college, you have mortgages, you have
worked your heart out designing a new rocket and you were just
told a month ago by the new administrator we are behind you, the
Administration is behind you, Constellation is full speed ahead,
and then two days before the announcement it is canceled.

Can you imagine how that rips their heart out of their chest?
What you have done to those wonderful people, those engineers,
God bless them, and scientists and astronauts. Set those jobs aside,
those are vitally important jobs that are important for America’s
future, but we have no other rocket members of the Committee.
There is no other rocket ready. There is not even one on the hori-
zon, it is all speculative. The one rocket we have that is being test-
ed and is over budget and behind schedule is Ares, which you are
proposing to cancel.

Dr. HOLDREN. It is way over budget and it is way behind sched-
ule and we think there are other options.

Mr. CULBERSON. But you don’t even know what that would be.
And we can’t afford a gap, we can’t afford a gap of one year much
less five years, and then what are you going to do with the gap?

NASA—CHINA

Let me ask also something I know was mentioned by Mr.
Ruppersberger, I heard you say earlier that the Chinese might help
us get to the International Space Station. And I just read an arti-
cle, members, that Mr. Ruppersberger I know as a member of the
Intelligence Committee read, probably the same alarm that I did,
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that the Administration is considering inviting the Chinese to come
participate and help us in our Space Program? Now that has never
been done, because the Chinese space program is a military space
program whose primary purpose is designed how to better target
their ICBMs on American cities and take out our satellites. So I
am very concerned.

Would you please tell the Committee what the Administration is
doing to expand the cooperation of the Chinese in our Space Pro-
gram, since they have never been allowed before any where near
our facility?

Dr. HOLDREN. I don’t think there are any plans that I know of.
The only thing I know of is that Administrator Bolden did go to
China, and about the same time the President went to China, he
certainly had some conversations with leaders of the Chinese space
program about areas of potential cooperation. There were no agree-
nillents reached. This was a very exploratory discussion. I wasn’t
there.

Mr. CULBERSON. Well certainly for me I know and the members
this Committee——

Mr. RUPPERSBERGER. John, It is already happening. The Chinese
have cyber attacked NASA on a regular basis.

Mr. CULBERSON. They do and recollects it is a real concern.

Mr. RUPPERSBERGER. Not that we let them do it.

Mr. CULBERSON. Right. It is a real concern that I share with my
good friend Mr. Ruppersberger from Maryland that Chinese are not
our friends and particularly when it comes to space, and they are
using that technology to better target their ICBMs and take out
our satellites. The high ground today is low earth orbit in outer
space.

And again, it is just not acceptable to me or this Committee, I
am quite confident that we are going to surrender the high ground
of outer space.

Dr. HOLDREN. We are not going to surrender it, sir.

Dr. CULBERSON. You have already surrendered it, sir. You are
proposing to cancel Constellation and you just testified there is no
rocket ready to replace Ares.

Mr. HOLDREN. That doesn’t amount to surrendering space. We
have huge capacities in space.

Mr. CULBERSON. Okay.

Dr. HOLDREN. And we have them in the military sector and in
the civil sector, and we are not going to surrender our leadership.

Mr. CULBERSON. And I would like to hear from Mr. Wolf.

Mr. WoLF. The arrogant facial expressions of your staff behind
you is unbelievable. You particularly, you. I mean, I don’t care who
you work for, but the arrogance of it I have some pretty tough
questions, I am not going to ask them. You too. I wish I had a cam-
era taking your facial expressions. I think you really bring a degree
of arrogance here that it is just offensive. I yield back.

Mr. RUPPERSBERGER. Okay, my turn. One of the issues that I
think that we are dealing with here today is we don’t have enough
information, it came too quick. You know, those of us who work a
lot in this area just did not—we were just surprised where we are
going, but we want a road map and we want a plan and then we
want it justified.
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I think some of the things about this program, and let me try
to—and some of this is classified so I won’t get into it. You know
the major program that was canceled about three or four years ago,
it was one of the majors, it was one of our big satellite programs
over budget and whatever, and what happened, why that was can-
celed is because it was way over cost, over budget, and it got to the
point you keep putting more money into it what are you going to
get out of it number one? And you know, some of the things that
we wanted to get out of that program weren’t going to happen, so
we had to re-evaluate because there was only a certain amount of
money.

Now I assume as you talk about Ares, there is Ares 1, but then
there is the one we are focusing on now that John is focusing on
or whatever. And it is my understanding that the cost of that, if
you move forward the way it is now are in the billions and billions,
and that we still—it might be a black hole that we are not sure
if we can produce.

Wait one second, I will get you. But is that where you are coming
from on your focus on Ares? I mean, changing——

Dr. HOLDREN. Well that is certainly an important part of it. Ares
which originally was expected to cost four and a half billion dollars
is now expected to cost something like 18.

Mr. RUPPERSBERGER. Right, okay. I didn’t know if that was clas-
sified, whatever, it probably isn’t, okay. But go ahead, John, yeah.

Mr. ABNEY. Very quickly if I could.

Mr. RUPPERSBERGER. Okay.

Mr. ABNEY. The reason the cost gets so high is because you are
trying to go to Moon and Mars, and my focus here is I think we
need as a Committee to stay focused on we have got to preserve
the ability to go to lower earth orbit. That is far less expensive and
far more doable.

Mr. RUPPERSBERGER. I would think that we are there more on
the lower orbit, I think the major concern with the Space Program
though, if you were involved with Sputnik, the reason we are as
good as we are now is because we responded to Sputnik and we ac-
tually created rocket science as people who research and develop-
ment. And all that we did to get to the Moon helped us dominate
where we are now and we are losing that dominance, and that is
where I am sure—I applaud you for evaluating where we are and
what we are doing, I am just worried that we don’t have enough
and that we are not sure. And we want to work with you, because
it is all end game in the end. What’s right for our country, our na-
tional security. And I will work with you, but you know, you have
got to work with us.

b Dl? HOLDREN. Oh, we will, and we want to get the leadership
ack.

Mr. RUPPERSBERGER. We need a lot more information. You know,
Augustine has one report. There are people on both sides. And I
tell you, I haven’t been sold yet today, myself. I am willing to work
with you, but I mean, I just want to get some experts and hear
these different points of view before I decide where to vote—you
know, what to do with this program.

And again, I am worried we are going way too quick when you
are dealing with the national security that is at stake. Because if
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it is the wrong decision then we could really put ourselves in a real
bad position. We need to be dominant in space.

One thing about it, do you have launch? Is that in your capacity
too?, the launch issue, launching? The ability to get the satellites
up?

Dr. HOLDREN. Well, I mean in the Office of Science and Tech-
nology policy we are responsible for advising the President on every
aspect of science and technology that affect

Mr. RUPPERSBERGER. I would like you to look at it, because in
my opinion——

Dr. HOLDREN [continuing]. His positions.

Mr. RUPPERSBERGER [continuing]. We are behind France in
launch and maybe another country too, and whenever I hear the
United States is behind and for a lot of different reasons, but you
know, there is a consortium with one group, you have other issues,
there are certain satellites that should have gone up by now that
were canceled because we couldn’t deal with it. I really hope you
focus on the issue of launch, because it bothers me when the
United States is not number one in that arena.

John. Frank.

Mr. WoOLF. No, I am fine.

Mr. RUPPERSBERGER. Is that it, all the members? Okay, well
thank you for being here. I think if anything we learned today it
is the issue of communication.

Dr. HOLDREN. Yeah, I agree.

Mr. RUPPERSBERGER. And you know, we have got to get some of
our people to advise us and whatever of pulling that together, be-
cause it is a really big issue.

Dr. HOLDREN. We will try to do better with that.

Mr. RUPPERSBERGER. I really understand the cost. You know,
DoD, Intel, NASA all together, we don’t have enough money for ev-
eryone. Okay.

Dr. HOLDREN. Thank you, sir. Appreciate it.

Mr. RUPPERSBERGER. Meeting adjourned.
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Chairman Alan Moliohan
Questions for the Record

The American Recovery and Relnvestment Act added over $18 billion in funding
for RED across many agencies,

1. Overall, how much of this money has been committed and how much has
been spent?

Answer: As of April 2010, approximately $12.6 billion (or 69 percent) has been
obligated and $2.3 billion (or 13 percent) has been spent. The Recovery Act
provided $18.2 billion in R&D funds across several Federal agencies, as
documented in R&D funding data released with the President's 2011 Budget.
Although there is not a one-to-one match between R&D funding and specific
agency programs, the following table shows data for $18.4 billion in Recovery Act
appropriations for key programs that make up nearly all of the $18.2 billion
Recovery Act R&D investment:
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Table. Recovery Act obligations and outlays for R&D programs as of April 2010

Program ARRA approp obligated spent

DOE Office of Science $ 1,633,000,000 | $ 1,626,550,383 | $ 327,049,512
DOE ARPA-E $ 389,000000 | 166,562,651 | $ 5,067,764
NSF Research & Related Acts. $ 2,500,000,000 | $ 2,207,993,015 | $ 230,438,256
NSF MREFC $ 400,000,000 | $ 400,000000 1 $ 7,411,078
National Institutes of Health 3 10,400,000,000 | $ 6,364,037891 | $ 1,361,369,591
Agency for Healthcare Res, $ 700,000,000 | $ 659718451 § 8,070,323
DOD Amy $ 75,000,000 | $ 70,013,824 | § 2,716,642
DOD Navy $ 75,000,000 | $ 69,262,069 | $ 33,497,150
DOD Air Force $ 75,000,000 | $ 10,024859 | $ 7,814,704
'DOD Defense Wide $ 75,000,000 | 8 60,912,184 | § 4,493,640
|USDA Agricultural Res. Service $ 176,000,000 | 8 40,740449 | $ 5,084,402
U.S. Geological Survey $ 140,000,000 | $ 100689177 | $ 19,279,843
NIST Scientific and Tech. Res. $ 220,000,000 | $ 129638628 | $ 22,676,767
NIST Construction of Faciliies | $ 360,000,000 | § — 256,602842 | S 5,068,720
NOAA Operations, Res., Facils. | $ 230,000,000 | § 214,019313 | 61,330,197
NASA Science $ 400,000,000 | & 325,319,829 | § 180,678,537
NASA Exploration $ 400,000,000 | & 381,429,202 | $ 60,385,169
NASA Aeronautics 3 150,000,000 | $ 110,828293 | § 2,037,241
TOTAL 3 18,398,000,000 | § 12,603,706,654 | $§ 2,348,469,626

WWW.Tecovery.gav

OSTP Aprit 2010
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2. How many jobs have resuited?

Answer: Because recipient reports of jobs created or retained are lagging behind
Recovery Act awards, the availability of jobs data is limited at this time. But early
data are promising. National Science Foundation recipients of Recovery Act
funds, for example, report 2,507 full-time equivalent jobs created or retained with
NSF Recovery Act funds in FY 2009 (between February 17 and September 30,
2009) and 2,897 in the first quarter of FY 2010. NASA Recovery Act recipients
report 1186.3 full-time equivalent jobs from NASA Recovery Act funds in the first
quarter of FY 2010, up from 836.7 jobs funded in FY 2009 (between February 17
and September 30, 2009). Trans-NiH Recovery Act funding resulted in 5,445.8
full-time equivalent jobs created or retained in FY 2009 (between February 17
and September 30, 2009) and 12,031.1 jobs created or retained in the first
quarter of FY 2010. More complete jobs data will be available after second-
quarter FY 2010 reports are filed (after March 31). All jobs data are available at
WWW.Tecovery.qov.

3. How many scholarships and fellowships have been awarded, and at what
levels and in what fields?

Answer: There is no comprehensive inventory of scholarships and fellowships
awarded under the Recovery Act. In part, this is because science and
engineering (S&E) scholarships and fellowships are often funded as part of
research grants rather than as separate awards. But the Recovery Act is already
having dramatic impacts on students’ opportunities to pursue science and
engineering careers. NIH, for example, expects to support 659 full-time training
positions (FTTPs) with Recovery Act funds through the Ruth L. Kirschstein
Training Awards program. NSF estimates that 15,945 graduate students, 7,868
undergraduate students, and 1,945 postdoctorates will be supported in whole or
in part by Recovery Act funds through a mix of separate awards and support
through research projects or centers.

Overall funding for STEM education at NSF is only increased by 2.3%, and at
NASA, funding for astrophysics and heliospheric physics is virtually frozen.

4. What is the rationale for the lack of a 7% or greater increase in STEM
education funding at NSF?

Answer: The 2011 Budget proposes a substantial increase for NSF STEM
education programs within a nonsecurity discretionary budget that is flat with
2010 enacted funding levels. The 2011 Budget proposes a 4.7 percent increase
for STEM programs across NSF, as counted within NSF’s “learning” strategic
plan goal. A 4.7 percent increase is substantial compared to overall growth in
nonsecurity discretionary programs in the Budget. The fact that the total NSF
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budget increases al 8.0 percent is indicative of the President’s strong support for
basic research as a key element for iong-term economic growth. There are other
ways of measuring NSF STEM education funding. The 2.3 percent increase
applies {o NSF STEM programs from a government-wide inventory of separately
identified STEM programs, which does not include STEM education efforis
incorporated into primarily research-oriented programs; a 2.2 percent increase
applies only to N8F's Education and Human Resources Directorate, which
accounts for most but not all of NSF's STEM education funding.
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National Scicnce Foundation
Learning Funding by Level of Education
FY 2011 Request to Congress

{Doltars in Millions)

FY 2011 Request change over:

FY 2009 FY 2009 FY 2009 FY 2010

Omnibus  ARRA FY2010f FY 2011] Omnibus Actual Estimate
Actual  Actual Estimate] Requestf Amount Percentf Amount  Percent
K-12 Programs $60.07  $25.00  $57.17 $57.06/ -$3.01 -3.0% -$0.11 -0.2%
Undergraduate Programs 266.07 85.51 288.60] 291.07, 25.00 9.4%] 247 0.9%)
Graduate & Professional Programs 328.32 119.84 366.72 379.36] 5104 15.5% 12.64 3.4%)
Multi-level and Other Programs 250.67 19.02 254.89] 285.56] 34.89 13.9%) 30.67 12.0%
TOTAL, NSF $905.12  $249.37 $967.38] $1,013.05] $107.93 11.9%! $45.67 4.7%

Summary Tables - 11
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5. Aren’t astrophysics and heliospheric physics at NASA deserving of
increases similar to those accorded most science disciplines at NSF?

Answer: The National Academy of Sciences is currently finishing a decadal
review of astronomy and astrophysics. This review is expected to be complete in
September, in time to impact the FY12 budget request. The FY11 request for
these areas reflects the fact that NASA, NSF, and OSTP are waiting on these
community recommendations before setting priorities for new projects. The
National Academy of Sciences will follow with new decadal surveys in Planetary
Science in 2011 and Heliophysics in 2012.

Although it took too long, | want to thank OSTP for its work to put development of
the next generation of polar orbiting operational environmental satellites on a
sound management and financial basis. NOAA and NASA are clearly moving
forward with their responsibilities for the afternoon orbit.

6. What are the Defense Department plans for the morning-orbit?

Answer; DOD is working on a short study of their needs for weather
observations in the morning orbit, in order to determine whether they want the
improved capabilities that NPOESS would have provided, or if they will be
satisfied with the “legacy” capabilities that are similar to their current polar-
orbiting satellite system (DMSP). We expect a decision from DOD in the near
future about what their architecture will be to support their requirements. While
this study is being conducted, DOD will fully support NOAA'’s needs to ensure
continuity of data in the afternoon orbit by transitioning appropriate and relevant
activities from the current NPOESS effort.

7. Given the mutual use of data by NOAA and DOD and their shared
responsibilities for termination liabilities, don’t DOD decisions still have the
potential to increase NOAA costs?

Answer: Yes, the agencies’ finances in FY2010 and FY2011 are still intertwined
as they determine their respective ways ahead in their assigned orbits. The DOD
decisions on the architecture for the early morning orbit (specifically whether or
not to continue work on the NPOESS portions of the contract such as the
spacecraft bus) could impact any potential termination liability. NOAA’s decisions
on whether or not to use the NPOESS spacecraft bus for the afternoon orbit have
a similar impact. The agencies are taking this issue into account as they move
forward with their decision process. The agencies are currently in negotiations
with Northrop-Grumman, and the contractor has agreed to be supportive during
this transition. There is the potential for some termination costs, and these will be
split 50-50 between NOAA and DOD. We will know more about the details of this
in the near future.
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Additionally, NOAA is solely responsible for the ground system which will provide
operations and data handling for both the early morning and afternoon orbits.
DOD’s architectural decisions could have cost implications for the ground system
algorithms, ground system architecture as well as weather and climate models. |
am confident the agencies can reasonably deal with emerging decisions in these
areas as they arise under the revised governance model.

8. What are DOD’s intentions with respect to the funding provided to them for
NPOESS in fiscal year 2010?

Answer: DOD intends to leave the FY2010 funds that were appropriated for the
NPOESS program in place. The full FY2010 funding for NPOESS program (50%
of the contributions coming from each of NOAA and DOD) will largely still be
going to those parts of the program for which they were originally designated
to continue ground system and instrument development for the NPP satellite as
well as continue instrument development and algorithm development for
subsequent Joint Polar Satellite System (JPSS) spacecraft that will fly in the
afternoon orbit. it is important that those FY2010 funds remain in the program
since the data are required by DoD and NOAA for their respective missions. Any
reduction in those funds will aimost certainly resuit in delays of the NPP satellite
and a delay in the launch of JPSS-1, the follow-on afternoon satellite, thereby
greatly increasing the risk of a gap in weather and storm forecasting capability of
importance to both the civil and the defense community.

9. What is OSTP doing to compel DOD to adopt a clear path forward?

Answer: OSTP is working with DOD to ensure a smooth transition. DOD
officials have provided assurance to OSTP that the agency remains committed
to a partnership with NOAA to preserve the Nation's weather and climate
sensing capability. For the morning orbit, the current DOD plan for deploying
DMSP satellites ensures continued weather observation capability. DOD will be
working closely with the civil partners to ensure the relevant efforts continue
productively and efficiently, and will ensure the requirements of the national
weather and climate communities are taken into consideration in building the
resultant program for the morning orbit. DOD leadership has indicated
consistently to OSTP over the past several months strong commitment and
support in FY2010 for ensuring minimal impacts of the restructure on the
afternoon orbit capabilities.

10.Why is there no fiscal year 2011 request for an operational scatterometer to
replace Quickscat?

Answer: Although NOAA does not have a funding request for scatterometry data
in FY2011, NOAA previously funded NASA’s Jet Propulsion Laboratory to study
possible satellite options to establish a sustained ocean surface vector wind
(OSVW) observing system. The estimated costs of a satellite program were in
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the $1-83 billion range. Given the costs, NOAA is exploring additional options,
including partnerships, to meet OSVW requirements for both short- and long-
term scenarios. Currently, NOAA has several ways to mitigate the ioss of these
space-based ocean surface vector winds data, such as using data from the
Advanced Scatterometer (ASCAT) which flies onboard the European
Organisation for the Exploitation of Meteorological Satellites (EUMETSAT)
satellites, called MetOp. NOAA is also seeking timely access to data from the
Indian research satellite, Oceansat-2, which launched in September 2009 as a
source of OSVW data, and from the Chinese who will launch a satellite with
OSVW capability in the near future.

While the impact to tropical storm forecasting is limited, losing QuikSCAT data
impacts wind and wave forecasts and warnings in the Open Ocean, as well as
non-tropical storms in coastal areas, making those forecasts and warnings less
accurate. Using other satellite and non-satellite tools, however, forecasters wiil
continue to be able to track and provide warnings for ocean storms.

Climate observing systems and research including development of fine scale
predictive models will be needed to support private and public investments in
climate adaptation at the local, state and regional levels. This concern led to
congressional direction to OSTP to deliver to us by April 1, a plan for achieving
and sustaining global Earth observations. Requested and projected support for
ground-based and space-based observations and the end-to-end supply chain of
climate information and data products is evident in the budget proposed.

11.1s this a result of the plan OSTP is developing, and how does this plan
extend to agencies not in our subcommittee jurisdiction, such as the US
Geological Service and the Department of Agriculture with its Ag Research
Service and Ag Extension Agents?

Answer. OSTP has been actively engaged in interagency discussions on
rebuilding a robust observations capability and ensuring an end-to-end supply
chain of climate information and data products. The results of these discussions
are evident in the 2011 Budget’s substantial support for observations and climate
information and data. This interagency coordination process includes all of the
participating agencies in the US Global Research Program, including the U.S.
Geological Survey and the US Department of Agriculture.

12.What are the plans for a national climate service, and who will have the
lead responsibility?

Answer: OSTP is working with agencies under the auspices of the National
Science and Technology Councit to articulate a national framework of leadership
for climate services that addresses the nation’s growing need for coordinated
climate information and services to assist decision-making across public and
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private sectors.  This effort will bring various agency initiatives together with an
understanding of overall national needs and capabilities for delivering climate
services. For example, NOAA has announced its intent to establish a NOAA
Climate Service (www.climate.gov), which proposes to bring together under one
line office several research, data, and coordination programs currently within the
Office of Oceanic and Atmospheric Research; the National Weather Service; and
the National Environmental Satellite, Data, and information Service. In addition,
DOI has announced Regional Climate Change Response Centers to synthesize
and integrate climate change impact data and develop tools that the
Department’s managers and partners can use when managing the Department’s
land, water, fish and wildlife, and cultural heritage resources. These two
initiatives propel the nation farther forward toward developing the tools necessary
to help decisions under conditions of climate change. Just as the nation's
climate research efforts require and benefit from interagency and academic
partnerships, so too will the development and communication of ciimate
information to users. No single agency is capable of providing all of the
information and services needed to inform decision-making. OSTP’s
interagency effort will help clarify roles, responsibilities, and leadership of a
national framework for climate services.

As | noted in my opening statement, this subcommittee has held two hearings on
STEM education. From the testimony it is clear that the effectiveness of inquiry-
based instruction in STEM education is needed at all levels, but implementation is
woefully lacking.

13.What is the administration doing to correct this?

Answer: President Obama believes inquiry is fundamental to innovation. As he
stated in his remarks faunching the Educate to Innovate campaign in November,
“Everyone in this room understands how important science and math can be.
And it goes beyond the facts in a biology textbook or the questions on an algebra
quiz. it's about the ability to understand our world: to harness and train that
human capacity to solve probiems and think critically, a set of skills that informs
the decisions we make throughout our lives.” It is also why the President
highlighted “National Lab Day,” a historic grassroots effort that connects
thousands of science teachers with local resources and volunteers to do hands-
on and inquiry-based learning, such as sampling local water or collecting energy
efficiency data.

Furthermore, to bring inquiry-based instruction to scale, this Administration
believes three levers are essential: (a) strong instructional materials that provide
the tools and supports (e.g. lesson plans, lab equipment, assessments, tech) for
teachers to allow for effective science instruction; (b) teachers with the support,
knowledge and experience to implement these instructional materials in ways
that make sense for their students, and (c) school and district leaders who can
design and execute programs to provide the needed support at scale over time.
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In both the priorities for federal investments, such as STEM-investments at the
National Science Foundation, and with reauthorization of Elementary and
Secondary Education Act, this Administration has focused on these three levers
of impact.

14.Should use of inquiry-based science instruction be required of all
institutions of higher education receiving federal research funding?

Answer: The Administration does not believe that an absolute requirement for
inquiry-based instruction tied to federal research funding would be appropriate.
However, the Administration is actively exploring opportunities to both highlight
and take policy steps to incentivize the deployment and growth of programs that
refashion entry level courses in science so that they are more inquiry-focused, as
some leading institutions have done, and incentivize retention of first-year STEM
students.

15.Witnesses stated that one obstacle to effective implementation of inquiry is
that at the local level and in individual schools, decisions are generally
made by education officials who lack understanding of STEM education;
given that education at K-12 is primarily a state and local responsibility,
what can the federal government do to stimulate support for inquiry-based
STEM education at the grass roots level?

Answer. The President believes that federal leadership in education is important,
but also that the scope and impact of federal efforts depend on strong
partnership and collaboration with states and school districts. it's why Race to the
Top competition gives a competitive priority to states that build comprehensive
strategies for STEM education and build partnerships to achieve their plans. it is
also why the President called on the 200,000 federal scientists and engineers to
get involved in local and grassroots efforts, such as National Lab Day, to work
alongside schools and teachers to improve STEM education.

In addition to investments under the Recovery Act, the President’s FY11 Budget,
and proposed reauthorization of the Elementary and Secondary Education Act,
the Administration has focused on a few key levers of reform that are essential to
effective STEM instruction: (1) improving teacher and principal effectiveness to
ensure that every classroom has a great teacher, and every school has a great
leader; (2) providing information to families to help them evaluate and improve
their children’s schools, and to educators to help them improve their students’
fearning; (3) implementing college- and career-ready standards and developing
improved assessments aligned to those standards; and (4) improving student
learning and achievement in America’s lowest-performing schools by providing
intensive support and effective interventions.
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Witnesses indicated that the transfer of the math science partnerships program
from NSF to the Department of Education was not resulting in effective STEM
education reform. They also strongly advocated that responsibility for reform of
STEM education, including whatever federal role there is in actual implementation
of inquiry-based instruction, be vested in NSF as a science agency and not in the
Department of Education.

16.Do you agree with their statements — why or why not? And what would you
recommend to the President?

Answer: We believe that a strong partnership between the Department of
Education and the science agencies, especially the National Science Foundation,
is essential. The Department of Education has substantial expertise in work with
State education agencies and local school districts and this expertise has
informed this Administration’s strategy for overall education reform. Concurrently,
the National Science Foundation has deep relationships with the scientific
community that has made it a leader in developing cutting-edge materials and
strategies in STEM education. We believe strong collaboration is therefore
necessary and is occurring under this Administration.

17.1f this responsibility were assigned to NSF, what would be the benefits and
your concerns?

Answer: We believe that a strong partnership between the Department of
Education and the National Science Foundation is the best option to meet the
goais of the math science partnerships program.

The Administration has embraced the Advanced Technology Education program
and has sustained last year’s increase with a request for $64 million. This
program engages community colleges in meeting workforce needs for technically
trained individuals.

18.Given the President’s statements regarding the need to achieve universal
education above the high school level and the large proportion of college
students being educated by community colleges, what should be done to
strengthen STEM education generally at community colleges?

Answer: In an increasingly competitive world economy, America’s economic
strength depends upon the education and skills of its workers. In the coming
years, jobs requiring at least an associate degree are projected to grow twice as
fast as those requiring no college experience. To meet this demand, President
Obama has set two national goals: by 2020, America will once again have the
highest proportion of college graduates in the world, and community colleges will
produce an additional 5 million graduates.
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As the largest part of the nation’s higher education system, community colleges
enroll more than 6 million students and are growing rapidly. Community colleges
are building the workforce of tomorrow as well as retraining the workforce of
today. Today, 59% of new nurses and almost half of all teachers, including
STEM teachers, start or receive part of their education at these same institutions.
And schools across the country are poised to respond to the changing economy
to help train workers for clean energy and other high-demand fields.

Last July, President Obama proposed the American Graduation Initiative to
invest and reform community colleges in order to help American workers get the
skills and credentials they need to succeed. The recently passed Health Care
and Education Reconciliation Act includes $2 billion over four years — one of the
largest federal investments ever — for community colleges. These resources will
help transform community colleges for today’s economy. With these resources,
community colleges across the country will be able to develop partnerships with
businesses to design training that is relevant to local labor markets, work with
other institutions to expand course offerings and promote transfer of credit,
improve adult education, expand the provision of comprehensive, personalized
support services to help students plan their careers, stay in school, and graduate,
and, create open online course materials that can help students learn more, and
learn better, in less time.

Ensuring that businesses in STEM fields participate in the parinerships and
building the capacity of community colleges to provide STEM support will help
support a greater number of students accessing STEM instruction and entering
STEM fields. Online learning initiatives will also be a place to strengthen the
delivery of STEM instruction. Apart from higher education, the Administration’s
recently released Blueprint for the reauthorization of the Elementary and
Secondary Education Act (ESEA) will ensure that K-12 programs are preparing
our students to be college and career ready, so we can reduce the remedial
education burden that is often placed on community colleges. This will free
community colleges to do what they do best; provide affordable accessible STEM
workforce training, and prepare students for transfer into other degree programs.

19.What role should community colleges be playing in the reform of STEM
education and the broad inclusion of inquiry therein?

Answer: Community colleges have an important role to play. They offer a direct
connection between the needs of the workforce and the preparation of the
students. Community colleges provide an opportunity for businesses to identify
what is needed from STEM education to ensure more students enter STEM fields
prepared to succeed. Community colleges also provide an opportunity to work
with non-traditional students and diverse students which is an opportunity to
develop models for inquiry for all people which can be shared with other
institutions.
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The US Program in human spaceflight has reached a crossroads, and the
President is proposing a shift in emphasis to development of new technologies to
enable human exploration beyond the International Space Station while extending
use of Station from 2015 to at least 2020.

20. This significant change to the program of record, including cancellation of
the Constellation program, requires congressional action; when will the
administration send a legislative proposal or budget amendment to
Congress, and what form will proposed legislation take?

Answer: This issue is still under review and discussion within the Administration,
thus we do not yet have a definitive response on the timing or form of such a
proposal. Nonetheless we intend to work closely with the Congress in
implementing the President's new plan for NASA and will provide further
information on next steps as soon as we are in a position to do so.

21.Doesn’t this represent an abandonment of US leadership in human
spaceflight established by the six successful Apollo moon landings 40
years ago?

Answer: No, rather this signifies the beginning of a new era in space involving
new approaches and technologies. The President’s budget will extend American
leadership in space exploration by increasing our technological capabilities,
reducing costs, and creating new mission possibilities and opportunities as we
move forward into the 21st century. This will enable the United States to pursue
exploration in a fundamentally different way from today’s norms, while also
providing opportunities for genuine cooperation with other nations.

At the highest level, the Administration, including myself and my staff, as well as
NASA senior leadership, closely reviewed the Augustine Committee report, and
came to the same conclusion as the Committee: The Constellation program was
on an unsustainable trajectory. The Administration determined that, given the
current budget environment, Constellation’s funding needs would have required
terminating support of the International Space Station (ISS) in 2016 and ESMD
would not have had sufficient resources to significantly advance the state of the
art in the technology areas that would be needed to enable lowering the cost of
heavy-lift access to space, and developing closed-loop life support; advanced
propuision technology; and radiation protection and other technologies on a
faster schedule. The President determined that what was truly needed for
beyond-LEO exploration was game-changing technologies; making the
fundamental investments that will provide the foundation for the next half-century
of American leadership in space exploration. At the same time, under the new
plan, NASA would ensure continuous American presence in space on the ISS
throughout this entire decade, re-establish a robust and competitive American
launch industry, start a major heavy lift technology program years earlier, and
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build a technological foundation for sustainable beyond-LEQO exploration of our
moon, near-Earth asteroids, Lagrange points, and ultimately Mars.

The President’s FY 2011 budget request outlines an innovative course for humar
space exploration, but does not change our goal — extending human presence
throughout our solar system. NASA’s exploration efforts will focus not just on oul
Moon, but also on near-Earth asteroids, Lagrange points, and ultimately Mars.
While we cannot provide a date certain for the first human visit, with Mars as a
key long-term destination we can identify missing capabilities needed for such a
mission and use this to help define many of the goals for our emerging
technology development. The research and technology investments included in
this budget describe the many near-term steps NASA will be taking to create the
new knowledge and capabilities required for humans to venture beyond fow-
Earth orbit (LEO) to stay.

For example, the technologies necessary to withstand the harsh radiation on the
way to Mars don't yet exist. Neither do: rocket engines that can take us further
and faster more affordably; the on-orbit refueling capabilities that would greatly
facilitate a Mars sample return mission; automated and autonomous rendezvous
and docking systems; and closed-loop life support systems necessary to aliow
astronauts to eat and breath on long journeys.

In addition, our new approach includes a steady stream of precursor robotic
exploration missions to scout locations and demonstrate technologies to increase
the safety and capability of future human missions while also providing scientific
dividends. We are going to touch the surface of solar system destinations such
as the Moon, near-Earth objects, and Mars with ever more frequency and
sophistication, with robots leading the way for later human explorers.

Combining an aggressive test and demonstration program for new enabling
technologies with new scouting missions offers our Nation a better, far more
sustainable strategy for space exploration — one that takes a step-by-step
approach toward our fong-range objectives and ambitions while providing near
term benefits and achievements.

22.Through on-orbit assembly of the Space Station and servicing of the
Hubble Space Telescope, astronauts have demonstrated their value in
construction in the challenging space environment; how will continued use
of the Station take advantage of this capability?

Answer: The International Space Station will be home to new research projects
in fundamental biology and physical sciences. In addition, it will be the uitimate
space-based research and technology test-bed, as NASA’s new flagship
technology demonstration projects and foundational research and development
efforts will rely heavily on the International Space Station as a unique piatform to
support this work. For example, NASA will implement and manage a broad test
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program of next-generation technologies in multiple flight demonstrations over
the next decade, in areas like in-orbit propeliant storage and transfer, automated
and autonomous rendezvous and docking, lightweight inflatable modules for
exploration, and advanced closed-ioop life support and tele-robotic operations.
These activities can all take advantage of the expertise learned to date on the
International Space Station and Hubble servicing missions.

23.What are the explicit and implicit assumptions behind reliance on
commercial provision of human transportation to and from low Earth orbit?

Answer: Several factors played a role in the Administration’s decision to pursue
commercial crew services for transporting astronauts to and from Low Earth
Orbit. For example, the Augustine Committee found that commercial crew
“creates the possibility of lower operating costs for the system and potentially
accelerates the availability of U.S. access to low-Earth orbit by about a year, to
2016." Given that the Augustine Committee found that the Ares | would not be
available until 2017 at the earliest, the commercial crew approach thus provides
an opportunity to acquire an American capability to transport astronauts to the
International Space Station sooner.

In addition, NASA has already pioneered a new approach in its handling of
commercial cargo services, and the commercial crew program will benefit from
this experience. More specifically, NASA has worked with commercial
companies to help them develop new capabilities for delivering cargo to the
Space Station and has let contracts that pay the commercial companies for
actually delivering. Just like NASA has established specific criteria for ensuring
that commercial services that supply cargo transportation to (and dock with) the
Space Station don't put Space Station crew members at risk, NASA will similarly
establish standards and an oversight process for ensuring that commercial crew
transportation vehicles are safe. Further, over the next several years, it is
anticipated that there will collectively be over fifty flights to low-Earth orbit by
many of the launch vehicles that could provide the basis for a commercial crew
capability — providing significant opportunities to demonstrate reliability and refine
operational concepts.

America’s aerospace industry has always built the nation’s crew launch vehicles.
Nearly fifty years ago, American industry human-rated an existing launch vehicle
and successfully created the Gemini system, which safely flew 10 crewed
missions within five years of its initiation. America has long relied on the
ingenuity and entrepreneurial spirit of its commercial entities to drive innovation,
and space should ultimately be no different. We also still depend upon
commercial suppliers to launch most of NASA’s satellites, as well as our Nation’s
weather satellites and the valuable national security satellites that are critical to
our war-fighting ability and our nation’s defense. As such, leveraging
commercial or private sector goods and services is not new territory for NASA,
including in the crew transportation arena. But this new way of procuring crew
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transportation services holds the promise of enabling significantly reduced costs
in the future, while incentivizing competition and innovation in the development of
these capabilities.

Another key factor is that the opportunity to compete for crew transportation
services to the International Space Station is open to the broad aerospace
industry — new or emerging companies, and traditional aerospace companies
(including any company that had been part of the Constellation program). Any
company can, if it chooses, compete with others as part of the new commercial
crew transportation services program.

Finally, with respect to the safety of a commercial crew transportation system,
the Augustine Committee ultimately determined that safety did not appear to be a
pivotal differentiating factor among the various launch options included in its final
report. Specifically, the Committee wrote that NASA planned Ares | vehicle used
a “high-reliability rocket and a crew capsule with a launch-escape system. But
other combinations of high-reliability rockets and capsules with escape systems
could also provide that safety. The Committee was unconvinced that enough is
known about any of the potential high-reliability launcher-plus-capsule systems to
distinguish their levels of safety in a meaningful way.”

The US federal science and technology enterprise includes a wide variety of
institutions and funding mechanisms ranging from competitively selected grants
to universities to cooperative institutes and centers funded for 5 to 10 years to
FFRDCs such as the DOE national labs and user facilities to research centers
such as NIH and NASA where the staff are primarily government employees.

24.Do the costs of R&D vary significantly across this mix, and should there be
changes in the mix in the interest of improving R&D value per dollar?

Answer: We do not have reliable data on the costs of performing R&D based on
type of performer, for several reasons. One is that it is difficult to compare units
of R&D across performers: university researchers typically produce research
papers through grants, Federal researchers may produce research results or
products directly relevant to their agency colleagues in carrying out agency
missions, and national laboratory researchers may work in large teams on muiti-
disciplinary projects with numerous types of outputs such as patents or
prototypes. A second reason is that Federal agencies do not select performers
primarily on cost considerations; instead, performers are selected based on their
suitability for and expertise in performing a particular kind of research or
development project of relevance to that agency’s mission. And a third reason is
that direct Federal support of R&D is just one element of the costs of doing R&D,
making a calculation of R&D value per dollar complex; in universities, for
example, direct Federal support of R&D captures only part of the cost of
performing research; recoverable and unrecoverable indirect costs, state and
local government support, and separate Federal support for graduate education



172

are also costs of performing R&D. Simitarly, Federal laboratories perform
research with a mix of project-based funds, general operating support, and
external funds.

Each year, the National Science Board compiles an extensive digest of key
science and engineering indicators.

25.Based on these indicators and your own observations, what is the state of
the American science and technology enterprise including research,
development, education, and infrastructure?

Answer: The latest edition of Science and Engineenng Indicators and my own
observations suggest that the state of U.S. science and engineering is strong, but
that U.S. dominance of world science and engineering has eroded significantly,
primarily because of rapidly increasing capabilities among East Asian nations,
particularly China. We remain the world leader in most aspects of the science
and technology enterprise, including R&D funding, patents, research papers, top-
notch science and engineering graduates, world-leading scientific institutions,
and the state of research infrastructure. But our lead is shrinking, partially
because of the emergence of strong capabilities in developing nations and
partially because of a relaxation in U.S. efforts. We can do better. America still
can, and indeed must, be an innovation machine through strong leadership in
science and technology. Clearly, however, technological and economic
superiority is not our birthright. It is something that in the past we have earned—
earned as a resduit of smart investments in fundamental science and targeted
investments in the next big things—and it is something we must get serious
about earning again, so we can continue to lead the world in the next round of
modernization and creativity.

That is why the President has set the bold but achievable goal of investing 3% of
GDP in research and development—to beat, for the first time, the level of R&D
investment at the height of space race. investing in innovation is not a luxury
today—it is a necessity.

And that is why the 2011 Budget sustains the President's commitment to
research and development funding, innovation, STEM education. With these
investments, we can continue to support the workforce of today as well as the
entrepreneurs and industries of tomorrow, to keep the pipeline of American
productivity fully pressurized and provide the jobs, the security, and the position
of global leadership that previous generations worked so hard to attain.

26.How does the US compare with other countries and regions?
Answer: By many measures, the United States retains a dominant position in

science and technology. The United States, for example, is still #1 in R&D
expenditures with a third of the world total, exceeding the combined expenditures
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of the 27 European Union nations. The United States continues to be the top
producer of published science and engineering articles. The United States has
the highest share of value-added in high-technology manufacturing with 30
percent of the global total. But other nations, especially nations in East Asia, are
expanding dramatically their capabilities in science and technology. Between
1996 and 2007, for example, the average annual growth of R&D expenditures in
the United States was a robust 5 percent. But China's average annual growth of
R&D expenditures exceeded 20 percent. Therefore, the U.S. share of world R&D
expenditures has declined; the same trends are apparent in other indicators such
as patents, articles, and science and engineering workforce. (Data are from
Science and Engineering Indicators 2010.)

27.How has the recession affected private sector R&D?

Answer: Data on the impact of the recession on private sector R&D investments
are still incomplete. The impacts of the recession on companies’ R&D plans in
2009 are still being tabulated by the Census Bureau and the National Science
Foundation. The latest preliminary NSF data we have on industry R&D for 2008
show that industry invested $268 billion in R&D that year, up 8.5 percent
compared to 2007 despite the impacts of the recession in the latter half of the
year. There are abundant anecdotes of companies scaling back their R&D
investments in response to economic conditions last year, but there are also
encouraging signs that U.S. companies plan to increase their R&D investments
in 2010. The Battelle 2010 Global R&D Funding Forecast, for example, expects
U.S. industry R&D spending to resume growth in 2010 after a drop in 2009.

28.What changes and challenges do you predict for US science and
technology in the coming years, and what do you recommend this
committee do to further strengthen US R&D?

Answer: The challenges for U.S. science and technology are articulated in the
OMB-OSTP memo on Science and Technology Priorities for the FY 2011 Budget
and the Administration’s Strategy for American Innovation.

As for the Committee's role, at a difficult time in the nation’s history, the
President’s 2011 Budget proposes to invest in science, technology, and
innovation today to meet the challenges of tomorrow, building on the
Administration’s collaborations with this Committee over the past year on the
Recovery Act, 2009 appropriations, and 2010 appropriations. The continued
support of this Committee for the important R&D investments under its
jurisdiction is essential to our combined efforts to further strengthen the US R&D
enterprise of tomorrow.
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Ranking Member Frank R. Wolf
Questions for the Record

Space Exploration

1. What are the mission goals of the new program, and on what timetable will
they be achieved?

Answer: The over-arching goali of the President’s budget is to expand American
leadership in space exploration by increasing our technological capabilities,
reducing costs, and creating new mission possibilities and opportunities as we
move forward into the 21st century. This will enable the United States to pursue
exploration in a fundamentally different way from previous expectations.

There also is an important strategic shift underpinning the President's new
strategy for U.S. human exploration activities. For too long our nation has
selected arbitrary space exploration destinations and time lines that have led to
fundamentally chalienged or unachievable programs. The Augustine Committee
found that the U.S. human spaceflight program was on an unsustainable
trajectory and that NASA was pursuing goals that did not match allocated
resources. That approach has been harmful to U.S. space exploration
capabilities and goals, while also pulling vital resources from other NASA mission
areas. Space exploration is too important in terms of innovation, inspiration, and
national leadership to continue down this non-productive and ineffective path.
Therefore, we must strive to ensure that our Nation’s human spaceflight program
is real, can produce tangible benefits, is flexible, and can be achieved. We
believe that a sea-change in how we think about space exploration programs is
necessary if we want to escape the prior mold and put the nation on a trajectory
that will help us achieve our aspirations in space.

The President’s FY 2011 budget request outlines an innovative course for human
space exploration, but does not change our goal — extending human presence
throughout our solar system. NASA’s exploration efforts will focus not just on our
Moon, but also on near-Earth asteroids, Lagrange points, and uitimately Mars.
As the President explained in his April 15 speech at the Kennedy Space Center,
these expioration missions will begin early next decade with a set of crewed
flights to test and prove the systems required for exploration beyond low Earth
orbit (LEO). By 2025 we expect new spacecraft designed for long journeys to be
ready for the first-ever human missions beyond the Moon into deep space,
beginning with a mission to an asteroid for the first time in history. And by the
mid-2030's, we believe we will be in a position to send humans on an orbital
Mars mission and return them safely to Earth, with a landing on Mars to follow.
With these missions and time lines as reference points, we can identify the
missing capabilities needed for such efforts and use this information to help
define many of the goals for our emerging technology development activities.
The research and technology investments included in this budget support the
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many near-term steps NASA will be taking to create the new knowledge and
capabilities required for humans to venture beyond LEO to stay.

With such objectives in mind, the President has made a decision to place us on a
course of prudent investments in advanced technology, with the resulting pace o
development helping to inform decisions about which deep-space destinations
will be pursued when. Some of the key investments and activities in the new
strategy that will help achieve this goal are summarized below.

The International Space Station and Crew Transportation to LEO

The first element of the new approach for NASA is to work with our international
partners to extend the life (and make better use) of the international Space
Station (ISS), while also partnering with the aerospace industry in a new way to
provide crew transportation services to this orbiting research outpost. In the
previous Administration, NASA had made no commitments to supporting ISS
beyond 2015 and assumed that funds for the 1SS would be redirected towards
the Constellation program. Prior NASA Administrator Michael Griffin often said it
was a “glaring omission” to treat the Space Station in this way, and that
continuing the ISS shouid be “non-negotiable.” Nonetheless, that administration
saw funding the ISS after 2015 as being in conflict with the Constellation program
and formulated its exploration plans and budgets on the assumption that the
Space Station would not be funded. By contrast, the Augustine Committee found
that the return on investment of ISS to both the United States and its international
partners would be significantly enhanced by an extension of the planned lifetime
of the ISS, likely to beyond 2020. President Obama similarly has recognized the
value of the 1SS to our space program, and to our reiationship with our
international partners. As such, he is committing to continue the operations of
the ISS, likely to 2020 or beyond, as the Augustine Committee recommended.

In terms of supporting mission goals, the ISS will be home to new research
projects in fundamental biology and physical sciences. In addition, it will be the
ultimate space-based technology test-bed, as NASA’s new flagship technology
demonstration projects and foundational research and development efforts will
rely heavily on the International Space Station as a unique platform to support
this work.

Commercial crew transportation capabilities are also an important part of the new
strategy. The Augustine Committee found that utilizing commercial crew
transportation services for launching astronauts to LEQ “creates the possibility of
lower operating costs for the system and potentially accelerates the availability of
U.S. access to low-Earth orbit by about a year, to 2016.” Given that the
Augustine Committee found that the Ares | would not be available until 2017 at
the earliest, this provides an opportunity to get an American capability to
transport astronauts to the ISS sooner.
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NASA has already pioneered a new approach in its handling of commercial cargo
services. Specifically, NASA has worked with commercial companies to help
them develop new capabilities for delivering cargo to the Space Station and has
let contracts that pay the commercial companies for actually delivering. Just like
NASA has established specific criteria for ensuring that commercial services that
supply cargo transportation to (and dock with) the Space Station do not put
Space Station crew members at risk, NASA will similarly establish standards and
an oversight process for ensuring that commercial crew transportation vehicles
are safe for NASA astronauts. Further, current manifests for NASA and the
Department of Defense indicate that over the next several years there will
collectively be on the order of fifty flights to low-Earth orbit by many of the faunch
vehicles that could provide commercial crew transportation — providing significant
opportunities to demonstrate reliability and refine operational concepts.

We already rely on commercial suppliers to launch most of NASA's satellites, as
well as our Nation's weather satellites, and the vaiuable defense satellites that
are now critical to our war-fighting ability and our nation’s defense.

The United States has fallen behind in commerciaily competitive launch services,
but a new generation of American entrepreneurs is leading new efforts in this
domain and has the potential to help our private sector play a transformative role.
A greatly strengthened U.S. commercial space industry, undertaking astronaut
transportation to the International Space Station, would bring needed competition
and help catalyze the development of other new businesses capitalizing on
affordable human access to space. The United States can and should lead these
new industries.

American aerospace firms have always ultimately been the organizations that
have built the nation’s crew launch vehicles. Nearly fifty years ago, American
industry human-rated an existing launch vehicle and successfully created the
Gemini system, which safely flew 10 crewed missions within five years of its
initiation. America has long relied on the ingenuity and entrepreneurial spirit of
its commercial entities to drive innovation, and space should ultimately be no
different.

Exploration Beyond Earth’s Orbit

The Augustine Committee found that a landing on the Moon would not have been
possible until “at least the 2030’s, if ever,” given the costs of the Consteliation
Program and previous budgetary projections. Even if the Space Station was
abandoned early to save money and $45 billion more funding was added to
NASA's budget over the next decade, a landing on the Moon would not have
been possible until the mid-to-late 2020’s. And if the International Space Station
was not abandoned, NASA would need almost $60 billion more through 2020 in
order to return U.S. astronauts to the surface of the Moon by 2025 or so. The
Committee went on to conclude that a root cause of this troubled state was a
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decades-long, systemic under-investment in new technology and innovation.
Thus we must first revitalize NASA's technology development activities so that
we can pursue such exploration in a fundamentally different and more effective
way going forward.

The President has laid out an ambitious new exploration program specifically
tailored to address these needs. This is a program of actively testing and
demonstrating new technologies while investigating potential destinations for
human spaceflight, while also matching goals and timetables to the pace of
technological advance and growing knowledge. It is a program aimed at creating
the needed transformational technologies without forcing on the taxpayer the
burden of paying to try to stretch old technologies beyond their capabilities.

The opportunities for such technology development activities are numerous. For
example, we do not yet have the technologies necessary to withstand the harsh
radiation on the way to Mars; rocket engines that can take us further and faster
more affordably; the on-orbit refueling capabilities that would greatly facilitate a
Mars sample return mission; automated and autonomous rendezvous and
docking systems; or closed-loop life support systems necessary to allow
astronauts to eat and breath on long journeys. The President's FY 2011 budget
provides the necessary funds to initiate substantive research to develop these
technologies — research and development that will need to continue for several
years in order to tackle many of the most difficuit challenges. In paraliel, under
the President’s new plan, NASA will actively investigate a range of potential
destinations for human spaceflight, sending robotic precursor missions to find the
best sites for human exploration and clarify the requirements for humans’
reaching them and operating there, better informing choices about where to go
and when.

This is a highly proactive approach — one that wiil develop, test, and demonstrate
new technologies and will use the International Space Station as a true
laboratory complex to facilitate more advanced development of capabilities. This
work will be critical to supporting an informed decision about future heavy lift
launch vehicle needs, as described below in answer to Question 3. Through
such activities, the workforce that supports human space flight development
efforts will have the opportunity to be engaged and active in demanding and
worthwhile pursuits.
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2. The Augustine report outlined five options. “Option 2” was extend ISS to
2020; make investments in technology development and commercial
transport to low-earth orbit; provide funds for enhanced usage of the ISS;
all under current budget constraints. Augustine said that this option would
not deliver heavy-lift capability until the late 2020’s and does not have
funds to develop the systems needed to land on or explore the Moon in the
next two decades. Does that timetable description also apply to the
President’s proposed program?

Answer: The Augustine Committee’s “Option 2" assumed that certain key and
expensive elements of the Constellation Program would continue (e.g., a full-
fledged Orion crew capsule and a variant of the Ares V heavy lift vehicle). As
envisioned by the Committee, this option was based on the FY2010 budget
profile and would have been subject to the long program schedules as described
in this Question and in the answer to Question 1.

In contrast, the President’s new plan adds $6 billion in funds to NASA's top-line
budget over five years relative to the FY2010 profile and ends the Constellation
Program in favor of an alternative approach to human spaceflight that the
President articulated in his April 15 speech at the Kennedy Space Center. This
approach is intended to lead to more cost-effective and flexible transportation
architectures (including a suitable heavy lift system), attainable on a faster
timetable than that projected for Option 2 in the Augustine Committee’s
assessment.

More specifically, in his speech on April 15, the President laid out the goals and
strategies related to the FY 2011 budget request for human exploration of our
solar system, including a sequence of deep-space destinations matched to
growing capabilities which progress step-by-step into space. In doing so, he
announced that his Administration will make a specific decision in 2015 on the
design of a new heavy-lift vehicle. A decision in 2015 means that major work on
building a new heavy-lift rocket will likely begin two years earlier than under the
Constellation Program.

The FY 2011 budget request introduces a new Heavy-Lift Research and
Development (R&D) Program that will focus on developing technologies to help
reduce cost and enhance operability by improving our space launch propulsion
technologies. This effort will include development of a U.S. first-stage
hydrocarbon engine for potential use in future heavy lift (and other) launch
systems, as well as basic research in areas such as new propellants, advanced
propulsion materials manufacturing techniques, combustion processes, and
engine health monitoring. Additionally, NASA will initiate development and in-
space testing of in-space engines. Areas of focus could include a liquid
oxygen/methane engine and also low-cost liquid oxygen/liquid hydrogen engines.
This work will build from NASA'’s recent R&D experience in this area, can
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increase our heavy-lift and other space propuision capabilities, and significantly
lower operations costs — with the specific goal of taking us farther and faster into
space. In support of this initiative, NASA will explore cooperative efforts with the
Department of Defense. NASA will also develop a competitive process for
allocating a small portion of these funds to universities and other non-
governmental organizations. This research effort along with many of our new
technology initiatives will be coordinated with the broader Agency technology
initiative led by NASA’s new Chief Technologist.

Additionally, the President outlined how he wants NASA to restructure the Orion
Crew Exploration Vehicle project and thereby develop a simpler and more
efficient capsule that will be focused on crew emergency escape from the
International Space Station. Therefore, as part of the President’s new pian for
NASA, the development work already performed on this capability will be re-
oriented to meet the important safety requirement of providing stand-by
emergency escape capabilities for astronauts on the Space Station. This effort
also will help establish a technological foundation for future exploration
spacecraft needed for human missions beyond low Earth orbit.

. The Shuttle program is being closed down at the end of this year. NASA
was already faced with the difficuit task of transitioning the Shuttie
workforce into the Constellation programs. Now you are proposing to
terminate the Constellation program at the same time. What do you
anticipate as the impacts of this decision on the workforce, both civil
service and contractors? How many jobs do you estimate will be lost, and
when? And what measures do you plan to take to minimize the impact of
job losses, and the negative impact on the Nation’s space industrial base?

Answer: Since the previous Administration’s announcement in 2004 of the
termination of the Shuttle program, we have known that as many as 8,000-
12,000 jobs will be affected by the retirement of the Shuttle. The President is
committed to flying out the remaining 3 shuttle flights in a safe and prudent way,
providing an additional $600 million in funding for the Shuttle to fly out the
manifest even if the schedule for completion slips and extends into Fiscal Year
2011. This is a significant policy change relative to the course chosen by the
previous administration, which had imposed a hard deadline of September 30,
2010, whether or not the Shuttle’s principal job of completing and supplying the
International Space Station (ISS) had been finished. NASA's Aerospace Safety
Advisory Panel has recommended conclusively against extending the Space
Shuttle beyond its current manifest, and the budget is consistent with that
recommendation.

The President’s new plan for NASA will result in an increase in the total number
of rocket launches from Kennedy Space Center in Florida compared to the old
plan, as NASA tests new technologies in space; launches robotic precursor
missions to the Moon, asteroids, and other destinations; and resupplies and



180

enhances the capability of the ISS. In support of this more demanding launch
schedule, and in recognition of Kennedy Space Center's role in future exploration
activities, the new plan proposes strategic new investments of $1.9 billion at KSC
that will lead to hundreds of new jobs, upgrade facilities for the 21st century, and
help ensure that KSC will remain a world-class launch port for decades to come,
attracting new commercial business in addition to reliably and efficiently
supporting government flights. This long-overdue modernization of KSC's
facilities -- many of which date to the 1960s -- in concert with ongoing
modernization of the Florida launch range, will allow KSC to continue its critical
role in future commercial and governmental activities and help Fiorida better
weather the transition after the shuttle's retirement.

The investments in NASA, and the corresponding reorientation of the human
space flight program, that are supported by the President’s new plan will create
thousands of jobs nationwide, helping to offset job losses associated with the end
of the Shuttle program and the termination of Constellation. For example, the
President's commitment to energize a new commerciai spaceflight industry —
investing $6 billion over the next five years -- could lead to as many as 10,000
new jobs alone nationwide based on non-government estimates. Also, the
President’s new plan for NASA will create 2,500 more jobs in Florida over the
next five years as compared to NASA'’s old plan. The budget also makes major
investments in the next five years for the development, testing, and manufacture
of new technologies - like $4 billion over five years for a new program in cross-
cutting space technology research to be managed by NASA's new Chief
Technologist to benefit NASA, the commercial space industry, and users on
Earth. These investments will not only help support and create new jobs today,
but could help lead to the new industries and jobs of the future.

A renewed focus on technology development will have several benefits for the
U.S. industrial base and our expertise in this arena. Engineers will have greater
opportunities to work on more projects from end-to-end, gaining invaluable
experience and creating opportunities to learn. Technology will be able to evolve
at a much more rapid pace, as new techniques can be tested on successive
demonstrations. Multiple demonstration projects launching to space (starting
before 2015) will keep the operational launch workforce in Florida more engaged
and productive than the Constellation aiternative, which would not have had any
work for those critical people until at least 2017 as found by the Augustine
Committee.

As explained in the response to Question 2 above, NASA will be working on
useful new rocket-propulsion capabilities as well. For example, the new program
funds development of a new large hydrocarbon rocket engine. In addition to its
utility for future heavy-lift launch vehicles for exploration, a rocket engine in this
class would be well-suited to replacing the Russian rocket engine that powers
one of the two commercial rockets that lift national security payloads to orbit (as
well as potentially other U.S. vehicles). These efforts aiso will help retain and
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even expand the capabilities and expertise residing in a key sector of our space
industrial base.

Climate Change

. Leaked emails about suppressing data and dissent, and now several errors
found in the UN’s iPCC report make clear the need to restore integrity to
climate science. What role does OSTP play in validating the data and
conclusions contained in IPCC reports, and what do you plan to do to
improve the quality and integrity of the science that will inform our climate
policies?

Answer: The Obama Administration is committed to upholding the principles of
scientific integrity, including raising the level of transparency and openness in the
conduct and use of science in general, and climate science in particufar. OSTP
participates in many ways in the efforts leading up to IPCC reports, from working
with U.S. federal agencies to help set priorities for research whose findings
become part of IPCC assessments, to reviewing nominations of IPCC authors
and reviewers from the United States, to leading US delegations to the IPCC
plenaries. OSTP’s muitifaceted forms of engagement with IPCC processes
provide ample opportunity for OSTP interventions to monitor and strengthen
those processes, and we are doing so continually. As regards validation of data
and conclusions, however, OSTP does not have the resources to add yet
another layer of detailed and comprehensive review of the vast body of data and
findings compiled and summarized by the IPCC, on top of the layers of review
which begin with the peer reviewers for the scientific journals in climate-related
fields (whose articles are the principal raw material for the IPCC’s efforts) and
which continue with the critical scrutiny of the hundreds of distinguished authors
of the various chapters in the IPCC's reports and the thousands of distinguished
reviewers that the IPCC engages to check this material. What OSTP does do is
track discussions arising in the scientific community around issues being
addressed by the [PCC and dig deeper, through our own review of specific key
points and through consultation with experts, where this seems warranted.

The conclusion | have reached from my own close tracking of the performance
of the IPCC, both before and after joining the Obama administration, is that
mistakes and misjudgments in the IPCC assessments have been remarkably few
in number and modest in importance given the wide scope and enormous
volume of material reviewed — and the thousands of pages written by iPPC
authors — in this effort. (This conclusion is shared by the other subject experts in
OSTP, including those who stayed on from the previous Administration’s team,
and by the vast majority of subject experts around the world.) The procedures o
review and re-review through which the IPCC has achieved this performance are
exceptionally rigorous — much more so than those of even the most reputable
scientific journals. When lapses do occur, it is in the nature of the continuing
scrutiny that such findings receive that the lapses tend to be uncovered over time
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- as they were in the cases of the erroneous projected date of disappearance of
Himalayan glaciers and the erroneous figure for the fraction of the land area of
the Netherlands that lies below sea level. Discovery of such mistakes tends to
lead not only to their correction going forward but also to examination and
remedy of the lapses in the review process that led to them; this, too, is
happening in the instances mentioned, and OSTP is consulting with IPCC
leadership in that effort. The e-mail exchanges among a number of climate
scientists that came to light last year show that climate scientists are human, too,
and that increased efforts to ensure openness and transparency in the conduct of
climate science are warranted (consistent with the scientific-integrity principles
that President Obama enunciated a year ago); OSTP is working toward that end.
But nothing that has come to light in those e-mails or in the isolated missteps of
the IPCC provides reason for doubting the core findings about climate change
that have emerged from the work of thousands of scientists over decades,
published in tens of thousands of peer-reviewed articles, and certified in dozens
of major reviews by authoritative bodies besides the IPCC.

. NOAA has announced its intent to create a NOAA Climate Service. There is
no corresponding proposal in the FY11 budget, and no required
notifications have been submitted to the Committee. it appears that NOAA
may intend to establish a Climate Service primarily by breaking off pieces
of the Office of Oceanic and Atmospheric Research (OAR). The current
OAR structure was established in 2005 to specifically to unify and
strengthen the role of science in NOAA programs. Have you reviewed and
approved a reorganization plan from NOAA?

Answer: | have neither formally reviewed nor approved a final reorganization
plan. NOAA briefed OSTP on the outlines of its draft plan to stand up a NOAA
Climate Service. Over the coming months, NOAA and the Department of
Commerce will develop and submit a reprogramming package to the White
House Office of Management and Budget and Congress for approval. NOAA's
proposal draws heavily on existing OAR capacity, and does so naturally since
OAR'’s Climate Program Office (CPO), Geophysical Fiuid Dynamics Laboratory,
and Earth System Research Laboratory have long been viewed as core
capabilities required for climate science and services. NOAA’s draft plan also
calls for elements of OAR beyond the CPO to be transferred to the proposed
NOAA Climate Service. | understand that details of how these elements will
evolve are still under discussion within NOAA.
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6. The current OAR structure was based upon the recommendations of
eminent scientists and was endorsed by NOAA'’s Science Advisory Board.
Does NOAA’s plan propose substantial changes to that structure?

Answer: The details of the reorganization are still under discussion within NOAA.
| understand that as NOAA is working on its plans for a NOAA Climate Service,
the agency is simultaneously undertaking an effort to strengthen science. They
are actively involving its scientists and science leaders from across the agency in
the development of a research strategy to ensure a strong and vibrant NOAA-
wide science enterprise for the future.

7. As the President’s Science Advisor, are you concerned about the science
function at NOAA being impacted by a NOAA reorganization plan that
undoes the current OAR line office structure?

Answer; | am confident that NOAA, under the leadership of Dr. Jane Lubchenco,
a highly respected marine biologist who is viewed as a champion for science
within NOAA, is giving due consideration to its science enterprise as it works on
a reorganization plan. In fact, Dr. Lubchenco has made strengthening science
across the agency a top priority for NOAA, which is critical evolving and/or
enhancing all NOAA services. NOAA depends on the new capabilities emerging
from its research and development investments to provide enabling tools and
technologies required for executing its entire mission. It is my understanding that
NOAA is considering the various strengths of different options for rearganizing its
climate programs, and involving its scientists and science leaders from across
the agency in the development of a research strategy to ensure a strong and
vibrant NOAA-wide science enterprise for the future.

8. NOAA is not the only agency of the Federal government involved in climate
issues. Does the Administration plan to submit a proposal to establish a
Climate Service that includes programs and activities outside NOAA?

Answer: OSTP is working with agencies under the auspices of the National
Science and Technology Council to articulate a national framework for a climate
service enterprise that addresses the nation’s growing need for coordinated
climate information and services to assist decision-making across public and
private sectors. This effort will bring various agency initiatives (e.g., NOAA’s
proposed Climate Service (www.climate.qov) and DOI's Regional Climate
Change Response Centers) together with an understanding of overalil national
needs and capabilities for delivering climate services. Just as the nation's
climate research efforts require and benefit from interagency and academic
partnerships, so too will the development and communication of climate change
information to users. No single agency is capable of providing all of the
information and services needed to inform decision-making. OSTP’s
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interagency effort will help clarify roles, responsibilities, and ieadership of the
agencies in a national framework for climate services.

NPOESS

. The FY11 budget proposes a split in the NPOESS program, and funds new
separate programs in NOAA and DOD. The NOAA program costs over $1
billion in FY11. What will be the estimated life-cycle costs of the new
programs in comparison to the costs of NPOESS? And describe the
changes in what will be delivered to NOAA, and the changes in capabilities
of the final products?

Answer: The joint Department of Defense-NOAA NPOESS Program of record
was estimated to have a life-cycle cost of $13.9 billion; however, the Integrated
Program Office indicated that those costs would increase by $1-2 billion. With
respect to the cost of the restructured program, | am unable to provide a new
total since DoD has not yet completed its assessment of the cost of implementing
its responsibility to continue observations in the early morning orbit. For the
afternoon orbit, it will cost $11.9 billion (which includes the $2.9 billion invested
through FY2010) for NOAA, with NASA as its acquisition agent, to implement
JPSS.

The projected costs for NOAA are larger than their previously planned 50%
contribution to the NPOESS program for two reasons. First, NOAA's JPSS is
assuming total control of the acquisition of the instruments and development of
the ground system that were in the former NPOESS program that will fly in the
afternoon orbit. NOAA’s JPSS will fly more instruments and capabilities in the
afternoon orbit versus the early morning orbit, so the bulk of the work under the
former program is shifting to NOAA's responsibility. Second, the cost estimates
for NOAA under the restructured NPOESS program were performed at the 80%
confidence level (as recommended by both the IRT and the FY2010 Omnibus
Appropriations report language for NOAA), which results in a larger figure as
compared to previous cost estimates. This confidence level provides NOAA and
NASA the necessary resources to address technical risk and to meet the FY
2015 launch schedule.

The decision announced on February 1 directed NOAA, NASA, and DoD to
restructure the means by which they cooperate to achieve the observational
requirements from the operational polar-orbiting environmental satellites. The key
elements of the restructured program will retain the observational requirements
of the NPOESS program; however, NOAA, NASA, and DoD will be responsible
for meeting these requirements through its assigned orbits.

NOAA's JPSS will maintain the observations that were planned for NPOESS in
the afternoon orbit. JPSS will fly the Visible/Infrared Imager/Radiometer Suite
(VHIRS), Cross-track Infrared Sounder (CriS), Advanced Technology Microwave



185

Sounder (ATMS), and the Ozone Mapping and Profiter Suite (OMPS). JPSS will
also fly instruments that are being procured with funds from the NOAA Climate
Sensor Program - the Cloud and Earth Radiant Energy System (CERES)/Earth’s
Radiation Budget Sensor (ERBS) and the Total Sofar and Spectral Irradiance
Sensor (TSIS) instruments. The Microwave Imager/Sounder (MIS) will not fly in
the afternoon orbit; however, NOAA remains interested in acquiring MiS-type
observations and has initiated discussions with the Japan Aerospace Exploration
Agency (JAXA) to collaborate in its Global Change Observation Mission (GCOM)
missions. The GCOM's Advanced Microwave Scanning Radiometer (AMSR)
instrument will satisfy some of the Key Performance Parameters that the MIS
instrument would have supported and, along with the JPSS ATMS, will continue
the legacy microwave capability in the afternoon orbit established by NOAA’s
Polar-orbiting Operational Environmental Satellite (POES) sounders and the
AMSR on the NASA Earth Observing System (EOS) Aqua mission. Development
of the Space Environment Monitor (SEM) instrument remains subject to
completion of DoD’s review of its requirements and analysis of alternatives to
fulfill them. The JPSS program architecture maintains capability for SEM
observations in the afternoon orbit.

NOAA, with NASA as its acquisition agent, and with input from DoD, has begun
to develop a transition plan to ensure that the significant changes that have
occurred as a resuit of restructuring the NPOESS program will not affect its
ability to develop the satellites in the afternoon orbit. The transition of the
program will take some time, and NOAA and NASA expect the work on the
details of the full effort to be concluded by the Fall. NOAA will work to incorporate
DoD’s plans for its portion of the restructured program as soon as it is finalized.

10.What is the risk and the range of additional costs to NOAA related to the
termination of the NPOESS program beyond those shown in the FY11
budget request?

Answer: The risk to NOAA from the NPOESS restructuring results from the
possible termination of the current NPOESS contract. The purpose of the
restructuring is to realign acquisition responsibilities to the agencies which have
the mission requirements. That decision eliminates the Tri-Agency management
structure that impeded direct mission accountability. The Agencies are currently
in negotiations with the contractor, who has agreed to be supportive during this
transition. There is the potential for some contract modification costs, and the
FY2011 budget request already reflects the potential for these costs.
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11.As a post-mortem on NPOESS, what would you identify as the
characteristics that led to failure, and how does the new plan for NOAA’s
program specifically address those flaws?

Answer: The independent Review Team (IRT) recognized that the major
challenge of NPOESS was jointly executing the program between three agencies
with differing technical objectives, acquisition procedures, engineering and
management philosophies, risk tolerance, and approaches to managing budget
adjustments. Trying to find common ground on a single program (with a single
common platform and a uniform set of instruments) proved to be an
extraordinarily difficult task. Because of these differing processes and objectives,
the IRT conciuded that the NPOESS program as constructed had little chance of
success. The restructured program will resolve this challenge by splitting the
procurements. The platforms for the respective orbits will be developed and
procured so as to leverage off the strength of each agency, and also to best
harness the experience each agency has in continuing and improving on legacy
measurements. Each agency will take the appropriate acquisition planning and
implementation actions to meet the needs for their respective orbits. The
agencies will continue to partner in those areas that have been successful in the
past, such as a shared ground system and operation of both morning and
afternoon platforms by NOAA. The restructured programs will also eliminate the
NPOESS tri-agency structure that has made management and oversight difficuit,
contributing to the poor performance of the program.

The IRT also noted that the NPOESS program was isolated from an acquisition
center. The program also lacked timely access to technical expertise, broad
mentoring and development opportunities for staff, and rigorous checks and
balances of engineering and program processes. The Administration followed the
recommendation of the IRT concerning alignment of the program with an
established acquisition center -- in this case, NASA’'s Goddard Space Flight
Center will be NOAA acquisition agent for the afternoon orbit, and the Air Force
Space and Missile Center (SMC) will be DoD's acquisition agent for the early
morning orbit.
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Doubling Path for Basic Research Agencies

12.Previous budget requests from this administration and the prior
administration have proposed a 10 year doubling path for NSF, NiST and
the Dept of Energy’s Science program. This budget request pushes that
goal to the right by one year, proposing to take 11 years to double those
budgets. What is the rationale for doing so, and what conclusions should
Congress draw about the relative priority of basic scientific research in the
Federal budget?

Answer: The Budget maintains the President’'s commitment to double funding for
key science agencies. The 2011 Budget establishes a budget profile to achieve
doubling by 2017. The President’s Budget is committed to making dramatic
reductions in the Federal budget deficit over the next several years. One part of
that commitment is to freeze nonsecurity discretionary spending at 2010 enacted
funding levels for three years. Within an overali nonsecurity discretionary
spending freeze, the 2011 Budget proposes a 6.6 percent increase to $13.3
billion for these three agencies. To meet future deficit reduction goals the
timetable for completing the doubling commitment has been shifted from 2016 to
2017.
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Representative John A. Culberson
Questions for the Record

In an effort to be transparent, | would like to know which NASA officials
were consulted about the president’s proposal to cancel the Constellation
program. Please provide me with copies of any and all emails and
correspondence between officials in the Office of Science and Technology
Policy, NASA and the Office of Management and Budget, in which the
Consteliation program and/or the U.S. human spaceflight program was
discussed.

Answer: The Committee to Review U.S. Human Spaceflight Plans consuited
multiple NASA officials about the Constellation Program. Led by the
distinguished aerospace engineer, Norman Augustine, this independent blue-
ribbon panel conducted an intensive review of the program over a period of five
months last year. NASA, OMB, and OSTP drew on the Augustine Federal
Advisory Committee’s findings for the President’s consideration as he prepared
his FY2011 budget proposal. The list of experts, including NASA experts and
NASA Center directors, who provided input into that process, is available at
www.nasa.gov/offices/hsffhome/index.htmi.
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CHAIRMAN’S OPENING REMARKS

Mr. MOLLOHAN. The hearing will come to order.

Mr. Wolf is at another hearing and he has asked that we move
forward. And he should be here shortly.

Good afternoon. Welcome to this hearing of the Subcommittee on
Commerce, Justice, and Science for fiscal year 2011. Today we will
cover the budget status and future direction of the U.S. Space Pro-
gram, and our witness is Retired Major General Charles F. Bolden,
Jr., NASA Administrator.

Welcome, General Bolden.

In 1957, the Soviet Union shocked the world by launching Sput-
nik and challenged the U.S. with its superior capability. President
Eisenhower responded by forming NASA. And by 1960, the U.S.
had launched the first weather satellite, the first data relay sat-
ellite, and the first navigation satellite. The first commercial com-
munications satellite, Telstar, was launched in July of 1962.

Confronting the Cold War challenge of the Soviet Union, Presi-
dent Kennedy said, “I believe this nation should commit itself to
achieving the goal before this decade is out of landing a man on
the moon and returning him safely to Earth. No single space
project in this period will be more impressive to mankind or more
important for the long-range exploration of space and none will be
so difficult or expensive to accomplish.”

In 1969, NASA delivered on his vision and U.S. superiority and
technology, especially missile technology, was on clear display for
all to see. The cost in today’s dollars is almost a hundred billion
dollars.

This amazing era of accomplishment continues to dominate the
vision of NASA both within and without, but hard realities should
be recognized. NASA employment peaked in 1967 and NASA pio-
neered reduction in force, RIF, procedures for the federal govern-
ment. Over 10,000 people who had worked their hearts out getting
us to the moon were out of job. NASA’s budget peaked in 1966 at
over 24 billion in today’s dollars. Using Apollo Program capabili-
ties, Skylab and Apollo-Soyuz flew. But from the summer of 1975
until the spring of 1981, the United States did not, could not fly
an astronaut.

In answer to the question of what to do, President Nixon sup-
ported the start of the Space Shuttle Program. By the time it flew,
the first U.S. Space Station had fallen to earth due to lack of fund-
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ing and the resulting lack of capability to boost Skylab’s orbit. The
money was not made available to build a new orbiting lab as pro-
posed, so the Shuttle had no orbiting lab to shuttle to except for
the Russian Mir, which it visited multiple times.

In January of 1984, President Reagan challenged NASA to
achieve a permanent man presence in space and the International
Space Station Program began. The initial cost estimate was $8 bil-
lion and no one expected it to be 25 years and $40 billion before
construction was complete.

In 1984, the Shuttles were new. No investment was begun to re-
place them until 2004—too late to prevent a gap in U.S. astronaut
launch capability.

Today it is not the early 1960s. Then a trip to the moon was a
science fiction dream. Today Star Wars and Star Trek are based on
a dream of interstellar travel and galaxy-spanning federations or
empires. In Kennedy’s time, rocketry was a major hallmark of na-
tional technological achievement. Today U.S. achievement is evi-
dent in creation of the internet, invention of the iPhone, production
of the fastest super computers, and sequencing of the human ge-
nome. The Soviet Union is no more. Our shooting wars are with
those who oppose modernity, not those who challenge us in a rush
to the future. Competition with China is more a matter of innova-
tion, intellectual property, manufacturing, and resources.

In this contemporary context, faced with the need to set the fu-
ture direction of the Human Spaceflight Program, the President
has formulated a program that shifts from plowing ahead with new
development programs driven by return to the moon to a focus on
government development of new enabling technologies with the
eventual goal of landing astronauts on Mars.

Exploration beyond low Earth orbit will be vigorous, but for a
time, it will be achieved through the use of robots. Commercial pro-
vision of astronaut transport to the space station is proposed, and
the life of the space station is extended until at least 2020. At the
same time, NASA’s programs in Earth and space science and aero-
nautics are strengthened. Education programs are continued, and
the Kennedy launch complex is slated for modernization.

So today we find ourselves at another pivotal point for the Space
Program. Like Presidents Nixon and Reagan, president Obama is
committing the nation to human spaceflight as a continuing en-
deavor, but this commitment is part of a balanced effort within a
constrained budget. Frankly, many of us yearn for the Apollo-like
vision of the 1960s, but is that the approach that best serves our
nation’s interests?

Mr. Administrator, there is much we need to learn about this
major change in the direction of our Space Program. Following my
remarks, we invite you to summarize your testimony, which will be
made a part of the record.

We just had a vote called. We have 12 minutes and 38 seconds
to vote and I am going to invite you to make your remarks. Admin-
istrator Bolden.

ADMINISTRATOR BOLDEN’S OPENING REMARKS

General BOLDEN. Thank you, Mr. Chairman and Members of the
Subcommittee. I thank you for the opportunity to appear today to
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discuss the President’s FY 2011 budget request for NASA. I am
grateful for the support and guidance of the Subcommittee and I
look forward to working with you on enactment of the President’s
bold new direction for our Agency.

I want to say up front that I understand the Committee’s concern
that details, such as our justification documents, have been slow to
reach you. I apologize and ask your attention to the details of this
historic change in NASA’s direction. Very soon, we will be announc-
ing program office assignments needed to carry out the President’s
vision and challenges to NASA. Other details will become available
in the coming weeks.

Since the introduction of the budget, many have asked what the
destination is for human spaceflight beyond low-earth orbit under
the President’s plan. NASA’s exploration efforts will focus not just
on our moon but also on near-Earth asteroids, strategies, and the
planet Mars and its moons. For me, the ultimate destination in our
solar system at present is Mars. While we cannot provide a date
certain for the first human visit with Mars, it is a key long-term
destination. We can identify missing capabilities needed for such a
mission and use this to help define many of the goals for our
emerging technology development.

The right investments in technology will allow us to map out a
realistic path to this destination and continues to inspire genera-
tions of school children, just as it inspired me many years ago.
Growing up in Columbia, South Carolina and watching Buck Rog-
ers go to Mars with ease each week from my seat in the balcony
of a Carolina theater.

PRESIDENT’S BUDGET REQUEST

The President’s fiscal year 2011 budget request for NASA is $19
billion, including an increase of $276 million over the enacted 2010
level. Longer term, I am pleased that the budget commits to an in-
creased investment of $6 billion in NASA’s science, aeronautics,
and enabling technologies over the next five years compared with
last year’s budget. All of us at NASA appreciate the President mak-
ing NASA such a high priority at a time when budget realities dic-
tate reductions and freezes for other worthwhile programs.

With the President’s new visions, the NASA budget will invest
much more heavily on technology research and development than
recent NASA budgets. This will foster new technological ap-
proaches, standards, and capabilities that are going to enable the
]rolelxt generation spaceflight, Earth-sensing and aeronautics capa-

ilities.

These investments will produce additional opportunities for U.S.
industry and spur new businesses such as a recently announced
partnership between NASA and General Motors to build an ad-
vanced dexterous humanoid robot, R2.

CONSTELLATION PROGRAM TERMINATION

As the Constellation Program has ended in an orderly manner,
I want to thank all of the NASA employees and contractors who
have worked so hard on the program. Their commitment has
brought great value to the Agency and to our Nation and they will
continue to play a pivotal role in NASA’s future path. Many of the
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things NASA has learned from the Constellation Program will be
critical as the Agency moves forward.

However, as the Augustine Committee concluded, the Constella-
tion Program is on an unsustainable trajectory. To continue on our
current course, at best we will probably not be able to fly our astro-
nauts to the moon until sometime after 2030. But to accomplish
that task, we would have to make even deeper cuts to other parts
of NASA’s budget, terminating support of the International Space
Station early, and reducing our science and aeronautics efforts.
Further, we would have had no funding to advance the state-of-the-
art in any of the technology areas we need to enable us to do the
things in space.

The President’s proposal to end Constellation enables us to
present a fiscal year 2011 budget that includes: A flagship tech-
nology development and demonstration program with our inter-
national and commercial partners and other government entities,
to demonstrate critical technologies, automated rendezvous and
docking, and closed-loop life support systems. Heavy-lift research
and development that will investigate a broad scope of research
and development activities to support development, test, and ulti-
mately flight of a heavy-lift launch vehicle sooner than projected
for the Constellation Program as assessed by the Augustine Com-
mittee. Robotic precursor missions to multiple destinations in the
solar system in support of future human exploration, including
missions to the Moon, Mars, and its moons, Lagrange points, and
near asteroids. Significant investments for the developme